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COMPOSITIONS COMPRISING HMW-MAA
AND FRAGMENTS THEREOF, AND
METHODS OF USE THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority from U.S. Provisional
Application Ser. No. 60/837,608 filed Aug. 15, 2006, which is
incorporated in its entirety herein by reference.

FIELD OF INVENTION

This invention provides recombinant polypeptides com-
prising a fragment of a High Molecular Weight Melanoma-
Associated Antigen (HMW-MAA), recombinant Listeria
strains comprising same, and methods of inducing an immune
response and treating and impeding the growth of tumors,
comprising administering same.

BACKGROUND OF THE INVENTION

HMW-MAA, also known as the melanoma chondroitin
sulfate proteoglycan (MCSP), is a transmembrane protein of
2322 residues. HMW-MAA 1is expressed on over 90% of
surgically removed benign nevi and melanoma lesions, and is
also expressed in basal cell carcinoma, tumors of neural crest
origin (e.g. astrocytomas, gliomas, neuroblastomas and sar-
comas), childhood leukemias, and lobular breast carcinoma
lesions.

Treatments and cures for many tumors e.g. HMW-MAA-
expressing tumors, as well as methods for prevention espe-
cially in high risk populations, are urgently needed in the art.

SUMMARY OF THE INVENTION

This invention provides in some embodiments, recombi-
nant polypeptides comprising a fragment of a High Molecular
Weight-Melanoma Associated Antigen (HMW-MAA),
recombinant Listeria strains comprising same, and methods
of inducing an immune response and treating and impeding
the growth of tumors, comprising administering same.

In one embodiment, the present invention provides a
recombinant Listeria strain comprising a recombinant
polypeptide, the recombinant polypeptide comprising a frag-
ment of a HMW-MAA protein (“HMW-MAA fragment”).

In another embodiment, the present invention provides a
recombinant polypeptide comprising a fragment of a HMW-
MAA protein operatively linked to a non-HMW-MAA oli-
gopeptide selected from a listeriolysin (LLO) oligopeptide,
an ActA oligopeptide, or a PEST-like oligopeptide or homo-
logues thereof.

In another embodiment, the present invention provides a
recombinant polypeptide comprising a fragment of a HMW-
MAA protein, wherein the fragment consists of about amino
acids (AA) 360-554 of the HMW-MAA protein from which
the fragment is derived. In another embodiment, the fragment
consists of about AA 701-1130. In another embodiment, the
fragment consists of about AA 2160-2258. Each possibility
represents a separate embodiment of the present invention.

In another embodiment, the present invention provides a
vaccine comprising a recombinant Listeria strain of the
present invention and an adjuvant.

In another embodiment, the present invention provides an
immunogenic composition comprising a recombinant List-
eria strain of the present invention.
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In another embodiment, the present invention provides a
vaccine comprising a recombinant polypeptide of the present
invention.

In another embodiment, the present invention provides an
immunogenic composition comprising a recombinant
polypeptide of the present invention.

In another embodiment, the present invention provides a
recombinant vaccine vector encoding a recombinant
polypeptide of the present invention.

In another embodiment, the present invention provides a
recombinant Listeria strain comprising a recombinant
polypeptide of the present invention.

In another embodiment, the present invention provides a
method of inducing an anti-HMW-MAA immune response in
a subject, comprising administering to the subject a compo-
sition comprising a recombinant Listeria strain of the present
invention, thereby inducing an anti-HMW-MAA immune
response in a subject.

In another embodiment, the present invention provides a
method of delaying progression of a solid tumor in a subject,
comprising administering to the subject a composition com-
prising a recombinant Listeria strain of the present invention,
thereby delaying progression of a solid tumor in a subject. In
another embodiment, the subject mounts an immune
response against a pericyte of the solid tumor. In another
embodiment, the pericyte is in a vasculature of the solid
tumor. Each possibility represents a separate embodiment of
the present invention.

In another embodiment, the present invention provides a
method of impeding vascularization of a solid tumor in a
subject, comprising administering to the subject a composi-
tion comprising a recombinant Listeria strain of the present
invention, thereby impeding vascularization of a solid tumor
in a subject. In another embodiment, the subject mounts an
immune response against a pericyte of the solid tumor. In
another embodiment, the pericyte is in a vasculature of the
solid tumor. Each possibility represents a separate embodi-
ment of the present invention.

In another embodiment, the present invention provides a
method of delaying progression of a HMW-MAA -expressing
tumor in a subject, comprising administering to the subject a
composition comprising a recombinant Listeria strain of the
present invention, thereby delaying progression of a HMW-
MAA -expressing tumor in a subject. In another embodiment,
the subject mounts an immune response against the HMW-
MAA -expressing tumor. Each possibility represents a sepa-
rate embodiment of the present invention.

In another embodiment, the present invention provides a
method of treating a HMW-MA A-expressing tumor in a sub-
ject, comprising administering to the subject a composition
comprising a recombinant Listeria strain of the present inven-
tion, thereby treating a HMW-MAA-expressing tumor in a
subject. In another embodiment, the subject mounts an
immune response against the HMW-MAA-expressing tumor.
Each possibility represents a separate embodiment of the
present invention.

In another embodiment, the present invention provides a
method of inducing an anti-HMW-MAA immune response in
a subject, comprising administering to the subject a compo-
sition comprising a recombinant polypeptide of the present
invention, thereby inducing an anti-HMW-MAA immune
response in a subject.

In another embodiment, the present invention provides a
method of delaying progression of a solid tumor in a subject,
comprising administering to the subject a composition com-
prising a recombinant polypeptide of the present invention,
thereby delaying progression of a solid tumor in a subject. In
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another embodiment, the subject mounts an immune
response against a pericyte of the solid tumor. In another
embodiment, the pericyte is in a vasculature of the solid
tumor. Each possibility represents a separate embodiment of
the present invention.

In another embodiment, the present invention provides a
method of impeding a vascularization of a solid tumor in a
subject, comprising administering to the subject a composi-
tion comprising a recombinant polypeptide of the present
invention, thereby impeding a vascularization of a solid
tumor in a subject. In another embodiment, the subject
mounts an immune response against a pericyte of the solid
tumor. In another embodiment, the pericyte is in a vasculature
of the solid tumor. Each possibility represents a separate
embodiment of the present invention.

In another embodiment, the present invention provides a
method of delaying progression of a HMW-MAA -expressing
tumor in a subject, comprising administering to the subject a
composition comprising a recombinant polypeptide of the
present invention, thereby delaying progression of a HMW-
MAA -expressing tumor in a subject. In another embodiment,
the subject mounts an immune response against the HMW-
MAA -expressing tumor. Each possibility represents a sepa-
rate embodiment of the present invention.

In another embodiment, the present invention provides a
method of treating a HMW-MA A-expressing tumor in a sub-
ject, comprising administering to the subject a composition
comprising a recombinant polypeptide of the present inven-
tion, thereby treating a HMW-MAA-expressing tumor in a
subject. In another embodiment, the subject mounts an
immune response against the HMW-MAA-expressing tumor.
Each possibility represents a separate embodiment of the
present invention.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1: HMW-MAA cloning into pGG55-based plasmid.
Lm-LLO-HMW-MAA was generated by transforming the
prfA~ strain XFL-7 with the plasmid pGG-55. pGG-55 has
the hly promoter driving expression of a non-hemolytic
fusion of LLO-E7 and the prfA gene to select for retention of
the plasmid. XFL-7 must retain the plasmid in order to be
viable.

FIG. 2. LLO-HMW-MAA constructs are expressed.
Supernatant was harvested from LM strains transformed with
the LLO-HMW-MAA A, B and C plasmids. A. Anti-PEST
probes revealed that all three strains produced fusion proteins
of the expected sizes (48 Kda for LLO, 75 Kda for HMW-
MAA-A, 98 Kda for HMW-MAA-B, and 62 Kda for HMW-
MAA-C). B. Anti-LLO probes revealed LLLO bands for
HMW-MAA-A, HMW-MAA-B, HMW-MAA-C, and in
10403S controls.

FIG. 3. Listeria strains expressing LLO-HMW-MAA con-
structs exhibit growth in media (A), virulence, and intracel-
Iular growth (B) similar to wild type Lm.

FIG. 4. HMW-MAA-expressing L m impedes the growth of
tumors, even in tumor cells that do not express HMW-MAA.
10® cfu of Lm-HMW-MAA-C impedes B 16F0-Ova tumor
growth as measured by tumor size (A) and volume (B) sig-
nificantly compared to the naive group. Similar effects on
tumor diameter and volume were observed with all three
Lm-LLO-HMW-MAA strains after inoculation of C57BL/6
mice with B16F0-Ova (C) and RENCA (D and E) tumor cells.

FIG. 5. Selection of HMW-MAA-expressing B16F10
murine tumor cell clones.

FIG. 6. Lm-HMW-MAA constructs induced antigen-spe-
cific immune responses that impede tumor growth.
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FIG. 7. In vivo depletion of either CD4+ or CD8+ cells
abrogated the efficacy of Lm-HMW-MAA-C vaccine.

FIG. 8. CD8+ T cells from mice vaccinated with Lm-
HMW-MAA-C mice inhibited the growth of BI6F10 HMW-
MAA tumors in vivo.

FIG. 9. Mice vaccinated with Lm-HMW-MAA-C that
eliminated the B 16F10-HMW-MAA tumor were protected
against a second challenge with the same tumor.

FIG. 10. Immunization of HLA-A2/Kb transgenic mice
with Lm-HMW-MAA-B and Lm-HMW-MAA-C induced
detectable immune responses against two characterized
HMW-MAA HLA-A2 epitopes in fragments B and C.

FIG. 11. IFN-y secretion by T cells stimulated with an
HILA-A2 restricted peptide from fragment C of HMW-MAA
after one immunization with Lm-HMW-MAA-C in HLA-
A2/Kb and wild-type C57B1/6 mice.

FIG. 12. Depiction of vaccinia virus constructs expressing
different forms of HPV16E7 protein.

FIG. 13. Induction and penetration of E7 specific CD8* T
cells in the spleens and tumors of mice administered TC-1
cells and subsequently administered a recombinant Listeria
vaccine (naive, Lm-LLO-E7, Lm-E7, Lm-ActA-E7).

FIG. 14. A. Listeria constructs containing PEST regions
lead to greater tumor regression. B. average tumor size in
mice treated with Listeria vaccines.

FIG. 15. Listeria constructs containing PEST regions
induce a higher percentage of E7-specific lymphocytes in the
spleen. A. data from 1 representative experiment. B. average
and SE of data from 3 experiments.

FIG. 16. Listeria constructs containing PEST regions
induce a higher percentage of E7-specific lymphocytes
within the tumor. A. data from 1 representative experiment. B.
average and SE of data from 3 experiments.

FIG. 17. Depiction of vaccinia virus constructs expressing
different forms of HPV16E7 protein.

FIG. 18. VacLLOE7 induces long-term regression of
tumors established from 2x10° TC-1 cells in C57BL/6 mice.
Mice were injected 11 and 18 days after tumor challenge with
107 PFU of VacLLOE7, VacSigE7LAMP-1, or VacE7/mouse
i.p. or were left untreated (naive). 8 mice per treatment group
were used, and the cross section for each tumor (average of 2
measurements) is shown for the indicated days after tumor
inoculation.

DETAILED DESCRIPTION OF THE INVENTION

This invention provides recombinant polypeptides com-
prising a fragment of a High Molecular Weight Melanoma-
Associated Antigen (HMW-MAA), recombinant Listeria
strains comprising same, and methods of inducing an immune
response and treating and impeding the growth of tumors,
comprising administering same.

In one embodiment, the present invention provides a
recombinant Listeria strain comprising a recombinant
polypeptide, the recombinant polypeptide comprising a frag-
ment of a HMW-MAA protein (“HMW-MAA fragment”). In
another embodiment, a recombinant Listeria strain of the
present invention expresses a recombinant polypeptide of the
present invention. In another embodiment, a recombinant
Listeria strain of the present invention comprises an isolated
nucleic acid that encodes a recombinant polypeptide of the
present invention. Each possibility represents a separate
embodiment of the present invention.

In another embodiment, the present invention provides a
recombinant polypeptide comprising a fragment of a HMW-
MAA protein operatively linked to a non-HMW-MAA oli-
gopeptide selected from a listeriolysin (LLO) oligopeptide,



US 8,241,636 B2

5

an ActA oligopeptide, or a PEST-like oligopeptide or a frag-
ment thereof. In one embodiment, the fragment has the same
or a similar properties or function as the full length peptide or
protein, as may be demonstrated using assays and tools
known in the art. Properties and functions of full length pep-
tides and proteins of the present invention are described in
detail hereinbelow.

In another embodiment, the present invention provides a
recombinant polypeptide comprising a fragment of a HMW-
MAA protein, wherein the fragment consists of about amino
acids (AA) 360-554 of the HMW-MAA protein from which
the fragment is derived. In another embodiment, the fragment
consists of about AA 701-1130. In another embodiment, the
fragment has a sequence selected from SEQ ID No: 21-23. In
another embodiment, the fragment consists of about AA
2160-2258. Each possibility represents a separate embodi-
ment of the present invention.

In another embodiment, the present invention provides a
recombinant polypeptide comprising a fragment of a HMW-
MAA protein with an amino acid sequence as set forth in SEQ
ID No: 21.

In another embodiment, the present invention provides a
recombinant polypeptide comprising a fragment of a HMW-
MAA protein with an amino acid sequence as set forth in SEQ
1D No: 22.

In another embodiment, the present invention provides a
recombinant polypeptide comprising a fragment of a HMW-
MAA protein with an amino acid sequence as set forth in SEQ
1D No: 23.

In another embodiment, a recombinant polypeptide of the
present invention further comprises a non-HMW-MAA pep-
tide. In another embodiment, the non-HMW-MAA peptide
enhances the immunogenicity of the fragment. Each possi-
bility represents a separate embodiment of the present inven-
tion.

The non-HMW-MAA peptide is, in another embodiment, a
listeriolysin (LLO) oligopeptide. In another embodiment, the
non-HMW-MAA peptide is an ActA oligopeptide. In another
embodiment, the non-HMW-MAA peptide is a PEST-like
oligopeptide. As provided herein, fusion to LLO, ActA,
PEST-like sequences and fragments thereof enhances the
cell-mediated immunogenicity of antigens. In one embodi-
ment, fusion to LLO, ActA, PEST-like sequences and frag-
ments thereof enhances the cell-mediated immunogenicity of
antigens in a variety of expression systems. In one embodi-
ment, the expression system is viral, while in another embodi-
ment, the expression system is bacterial. In another embodi-
ment, the non-HMW-MAA peptide is any other
immunogenic non-HMW-MAA peptide known in the art.
Each possibility represents a separate embodiment of the
present invention.

An LLO oligopeptide of methods and compositions of the
present invention is, in another embodiment, a non-hemolytic
LLO oligopeptide. In another embodiment, the oligopeptide
is an LLO fragment. In another embodiment, the oligopeptide
is a complete LLO protein. In another embodiment, the oli-
gopeptide is any LLO protein or fragment thereof known in
the art. Each possibility represents a separate embodiment of
the present invention.

In another embodiment, the LLO fragment is rendered
non-hemolytic by chemical treatment. In another embodi-
ment, the chemical treatment comprises glutaraldehyde. In
another embodiment, the chemical treatment comprises a
similarly acting compound. In another embodiment, the
chemical treatment comprises any other suitable compound
known in the art. Each possibility represents a separate
embodiment of the present invention.
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In another embodiment, the LLO protein utilized to con-
struct vaccines of the present invention has the following
sequence:

MKKIMLVFITILVSLPIAQQTEAKDASA-
FNKENSISSMAPPASPPASPK TPIEKKHADEIDKYIQ
GLDYNKNNVLVYHGDAVTNVP-
PRKGYKDGNEYIVVEKKKKSINQN-
NADIQVVNAISSLTYPG ALVKANSELVENQPDV-
LPVKRDSLTLSIDLPGMTNQDNKIVVKNATKSNVNN-
AVNTLVERWN EKYAQAYPNVSAKIDYDDEMAY-
SESQLIAKFGTAFKAVNNSLNVNFGAI-
SEGKMQEEVISFKQ IYYNVNVNEPTRPSRFFGKAVT-
KEQLQALGVNAENPPAYISSVAYGRQVYLKLSTNSH-
STKVK AAFDAAVSGKSVSGDVELTNIIKNSS-
FKAVIYGGSAKDEVQIIDGNLGDLRDIL-
KKGATFNRETP GVPIAYTTNFLKDNELAVIKNNSEY]I-
ETTSKAYTDGKINIDHSGGYVAQFNISWDEVNYDPE-
GN EIVQHKNWSENNKSKLAHFTSSIYLPG-
NARNINVYAKECTGLAWEWWRTVIDDRNLPLVKNR
NISIWGTTLYPKYSNKVDNPIE (GenBank Accession No.
P13128; SEQ ID NO: 1; the nucleic acid sequence is set forth
in GenBank Accession No. X15127). In one embodiment, the
first 25 AA of the proprotein corresponding to this sequence
are the signal sequence and are cleaved from LL.O when it is
secreted by the bacterium. Thus, according to this embodi-
ment, the full length active LLO protein is 504 residues long.
In another embodiment, the above sequence is used as the
source of the LLO fragment incorporated in a vaccine of the
present invention. In another embodiment, an LLO AA
sequence of methods and compositions of the present inven-
tion is a homologue of SEQ ID No: 1. In another embodiment,
the LLO AA sequenceis a variant of SEQ ID No: 1. In another
embodiment, the LLLO AA sequence is a fragment of SEQ ID
No: 1. In another embodiment, the LL.LO AA sequence is an
isoform of SEQ ID No: 1. Each possibility represents a sepa-
rate embodiment of the present invention.

In one embodiment, an isoform is a peptide or protein that
has the same function and a similar or identical sequence to
another peptide or protein, but is the product of a different
gene. In one embodiment, a variant is a peptide or protein that
differs from another a peptide or protein in a minor way.

In another embodiment, an LLO protein fragment is uti-
lized in compositions and methods ofthe present invention. In
another embodiment, the LLO fragment is an N-terminal
fragment. In another embodiment, the N-terminal LLO frag-
ment has the sequence:

MKKIMLVFITLILVSLPIAQQTEAK-
DASAFNKENSISSVAPPASPPASPKT-
PIEKKHADEIDKYI1Q GLDYNKNNVLVYHGDAVT-
NVPPRKGYKDGNEYIVVEKKKKSINQNNADIQVVN-
AISSITYP GALVKANSELVENQPDVLPVKRDSLTL-
SIDLPGMTNQDNKIVVKNATKSNVNNAVNTLVER
WNEKYAQAYSNVSAKIDYDDEMAY-
SESQLIAKFGTAFKAVNNSLNVNFGAI-
SEGKMQEEVIS FKQIYYNVNVNEPTRPSRFFGKAVT-
KEQLQALGVNAENPPAYISSVAYGRQVYLKLSTNSH-
ST KVKAAFDAAVSGKSVSGDVELTNIIKNS-
SFKAVIYGGSAKDEVQIIDGNLGDLRDLKKGATFN
RETPGVPIAYTTNFLKDNELA-

VIKNNSEYIETTSKAY TDGKINIDHSG-

GYVAQFNISWDEVNYD (SEQ ID NO: 2). In another
embodiment, an LLO AA sequence of methods and compo-
sitions of the present invention comprises the sequence set
forth in SEQ ID No: 2. In another embodiment, the LLO AA
sequence is a homologue of SEQ ID No: 2. In another
embodiment, the LLLO AA sequence is a variant of SEQ ID
No: 2. In another embodiment, the LL.O AA sequence is a
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fragment of SEQ ID No: 2. In another embodiment, the LLLO
AA sequence is an isoform of SEQ ID No: 2. Each possibility
represents a separate embodiment of the present invention.

In another embodiment, the LLO fragment has the
sequence:

MKKIMLVFITLILVSLPIAQQTEAK-
DASAFNKENSISSVAPPASPPASPKT-
PIEKKHADEIDKYIQ GLDYNKNNVLVYHGDAVT-
NVPPRKGYKDGNEYIVVEKKKKSINQNNADIQVVN-
AISSLTYP GALVKANSELVENQPDVLPVKRDSLTL-
SIDLPGMTNQDNKIVVKNATKSNVNNAVNTLVER
WNEKYAQAYSNVSAKIDYDDEMAY-
SESQLIAKFGTAFKAVNNSLNVNFGAISEGKMQEEVI
SFKQIYYNVNVNEPTRPSRFFGKAVT-
KEQLQALGVNAENPPAYISSVAYGRQVYLKLSTNSH
STKVKAAFDAAVSGKSVSGDVELTNI-
IKNSSFKAVIYGGSAKDEVQIIDGNLGDLRDILKKGA
TFNRETPGVPIAY TTNFLKDNELA-
VIKNNSEYIETTSKAYTD (SEQ ID NO: 3). In another
embodiment, an LLO AA sequence of methods and compo-
sitions of the present invention comprises the sequence set
forth in SEQ ID No: 3. In another embodiment, the LLO AA
sequence is a homologue of SEQ ID No: 3. In another
embodiment, the LLLO AA sequence is a variant of SEQ ID
No: 3. In another embodiment, the LL.LO AA sequence is a
fragment of SEQ ID No: 3. In another embodiment, the LLLO
AA sequence is an isoform of SEQ ID No: 3. Each possibility
represents a separate embodiment of the present invention.

In another embodiment, the LLO fragment of methods and
compositions of the present invention comprises a PEST-like
domain. In another embodiment, an LLO fragment that com-
prises a PEST sequence is utilized as part of a composition or
in the methods of the present invention.

In another embodiment, the LLO fragment does not con-
tain the activation domain at the carboxy terminus. In another
embodiment, the LLO fragment does not include cysteine
484. In another embodiment, the LLO fragment is a non-
hemolytic fragment. In another embodiment, the LLO frag-
ment is rendered non-hemolytic by deletion or mutation of
the activation domain. In another embodiment, the LLO frag-
ment is rendered non-hemolytic by deletion or mutation of
cysteine 484. In another embodiment, an LL.O sequence is
rendered non-hemolytic by deletion or mutation at another
location.

In another embodiment, the LLO fragment consists of
about the first 441 AA of the LLO protein. In another embodi-
ment, the LLO fragment comprises about the first 400-441
AA of the 529 AA full length LLO protein. In another
embodiment, the LLO fragment corresponds to AA 1-441 of
an LLO protein disclosed herein. In another embodiment, the
LLO fragment consists of about the first 420 AA of LLO. In
another embodiment, the LLO fragment corresponds to AA
1-420 of an LLO protein disclosed herein. In another embodi-
ment, the LLO fragment consists of about AA 20-442 of LLO.
In another embodiment, the LLO fragment corresponds to
AA 20-442 of an LLO protein disclosed herein. In another
embodiment, any ALLO without the activation domain com-
prising cysteine 484, and in particular without cysteine 484,
are suitable for methods and compositions of the present
invention.

In another embodiment, the LL.O fragment corresponds to
the first 400 AA of an LLO protein. In another embodiment,
the LLO fragment corresponds to the first 300 AA of an LLLO
protein. In another embodiment, the LLO fragment corre-
sponds to the first 200 AA of an LLO protein. In another
embodiment, the LLO fragment corresponds to the first 100
AA of an LLO protein. In another embodiment, the LLLO
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fragment corresponds to the first 50 AA of an LLO protein,
which in one embodiment, comprises one or more PEST-like
sequences.

In another embodiment, the LLO fragment contains resi-
dues of a homologous LLO protein that correspond to one of
the above AA ranges. The residue numbers need not, in
another embodiment, correspond exactly with the residue
numbers enumerated above; e.g. if the homologous LLO
protein has an insertion or deletion, relative to an LLO protein
utilized herein.

Each LLO protein and L.LO fragment represents a separate
embodiment of the present invention.

In another embodiment, homologues of LLO from other
species, including known lysins, or fragments thereof may be
used as the non-HMW-MAA.

In another embodiment of methods and compositions of
the present invention, a fragment of an ActA protein is fused
to the HMW-MAA fragment. In another embodiment, the
fragment of an ActA protein has the sequence:

MRAMMYVVFITANCITINPDIIFAATD-
SEDSSLNTDEWEEEKTEEQPSEVNTGPRYETAR
EVSSRDIKELEKSNKVRNTNKADLIAM-
LKEKAEKGPNINNNNSEQTENAAINEEASGADRPAI
QVERRHPGLPSDSAAEIKKRRKATASSD-
SELESLTYPDKPTKVNKKKVAKESVADASESDLDS
SMQSADESSPQPLKANQQPFFPKVFK-
KIKDAGKWVRDKIDENPEVKKATVDKSA-
GLIDQLLTK KKSEEVNASDFPPPPTDEELRLALPETP-
MLLGFNAPATSEPSSFEFPPPPTDEELRLALPETPMLL
GFNAPATSEPSSFEFPPPPTEDELEI-
IRETASSLDSSFTRGDLASLR-
NAINRHSQNFSDFPPIPTEEE LNGRGGRP (SEQ ID No:
4). In another embodiment, an ActA AA sequence of methods
and compositions of the present invention comprises the
sequence set forth in SEQ ID No: 4. In another embodiment,
the ActA AA sequence is a homologue of SEQ ID No: 4. In
another embodiment, the ActA AA sequence is a variant of
SEQ ID No: 4. In another embodiment, the ActA AA
sequence is a fragment of SEQ ID No: 4. In another embodi-
ment, the ActA AA sequence is an isoform of SEQ ID No: 4.
Each possibility represents a separate embodiment of the
present invention.

In another embodiment, the ActA fragment is encoded by
a recombinant nucleotide comprising the sequence:

ATGCGTGCGATGATGGTGGTTTTCAT-
TACTGCCAATTGCATTACGATTAACCCCGACATAA
TATTTGCAGCGACAGATAGCGAAGAT-
TCTAGTCTAAACACAGATGAATGGGAAGAAGAAA
AAACAGAAGAGCAACCAAGCGAGG-
TAAATACGGGACCAAGATACGAAACTGCACGTGAA
GTAAGTTCACGTGATATTAAAGAACTA-
GAAAAATCGAATAAAGTGAGAAATACGAACAAA
GCAGACCTAATAGCAATGTTGAAA-
GAAAAAGCAGAAAAAGGTCCAAATAT-
CAATAATAAC AACAGTGAACAAACTGAGAATGCG-
GCTATAAATGAAGAGGCTTCAGGAGCCGACCGACC-
A GCTATACAAGTGGAGCGTCGTCATCCAG-
GATTGCCATCGGATAGCGCAGCGGAAATTAAAA
AAAGAAGGAAAGCCATAGCATCATCG-
GATAGTGAGCTTGAAAGCCTTACTTATCCGGATAA
ACCAACAAAAGTAAATAAGAAAAAAGTG-
GCGAAAGAGTCAGTTGCGGATGCTTCTGAAAG
TGACTTAGATTCTAGCATGCAGTCAGCA-
GATGAGTCTTCACCACAACCTTTAAAAGCAAAC
CAACAACCATTTTTCCCTAAAGTATT-
TAAAAAAATAAAAGATGCGGGGAAATGGGTACGTG
ATAAAATCGACGAAAATCCTGAAGTAAA-
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GAAAGCGATTGTTGATAAAAGTGCAGGGTTAA
TTGACCAATTATTAACCAAAAA-
GAAAAGTGAAGAGGTAAATGCTTCG-
GACTTCCCGCCACC ACCTACGGATGAAGAGTTAA-
GACTTGCTTTGCCAGAGACACCAATGCTTCTTGGT-
TTTAAT GCTCCTGCTACATCAGAACCGAGCTCAT-
TCGAATTTCCACCACCACCTACGGATGAAGAGT
TAAGACTTGCTTTGCCAGAGACGCCAAT-
GCTTCTTGGTTTTAATGCTCCTGCTACATCGGAA
CCGAGCTCGTTCGAATTTCCACCGCCTC-
CAACAGAAGATGAACTAGAAATCATCCGGGAA
ACAGCATCCTCGCTAGATTCTAGTTTTA-
CAAGAGGGGATTTAGCTAGTTTGAGAAATGCTA
TTAATCGCCATAGTCAAAATTTCTCT-
GATTTCCCACCAATCCCAACAGAAGAAGAGTTGAA
CGGGAGAGGCGGTAGACCA (SEQIDNO: 5). In another
embodiment, the recombinant nucleotide has the sequence
set forth in SEQ ID NO: 5. In another embodiment, an ActA-
encoding nucleotide of methods and compositions of the
present invention comprises the sequence set forth in SEQ ID
No: 5. In another embodiment, the ActA-encoding nucleotide
is a homologue of SEQ ID No: 5. In another embodiment, the
ActA-encoding nucleotide is a variant of SEQ ID No: 5. In
another embodiment, the ActA-encoding nucleotide is a frag-
ment of SEQ ID No: 5. In another embodiment, the ActA-
encoding nucleotide is an isoform of SEQ ID No: 5. Each
possibility represents a separate embodiment of the present
invention.

In another embodiment, the ActA fragment is any other
ActA fragment known in the art. In another embodiment, a
recombinant nucleotide of the present invention comprises
any other sequence that encodes a fragment of an ActA pro-
tein. In another embodiment, the recombinant nucleotide
comprises any other sequence that encodes an entire ActA
protein. Each possibility represents a separate embodiment of
the present invention.

In another embodiment of methods and compositions of
the present invention, a PEST-like AA sequence is fused to the
HMW-MAA fragment. In another embodiment, the PEST-
like AA sequence is KENSISSMAPPASPPASPKT-
PIEKKHADEIDK (SEQ ID NO: 6). In another embodiment,
the PEST-like sequence is KENSISSMAPPASPPASPK
(SEQIDNo: 7). In another embodiment, fusion of an antigen
to any LLO sequence that includes the 1 of the PEST-like AA
sequences enumerated herein can enhance cell mediated
immunity against HMW-MAA.

In another embodiment, the PEST-like AA sequence is a
PEST-like sequence from a Listeria ActA protein. In another
embodiment, the PEST-like sequence is KTEEQPSEVNT-
GPR (SEQ ID NO: 8), KASVIDTSEGDLDSSM-
QSADESTPQPLK (SEQ ID NO: 9), KNEEVNASDFPP-
PPTDEELR (SEQ D NO: 10), or
RGGIPTSEEFSSLNSGDFTDDENSETTEEEIDR (SEQ ID
NO: 11). In another embodiment, the PEST-like sequence is
from Listeria seeligeri cytolysin, encoded by the lso gene. In
another embodiment, the PEST-like sequence is RSEVTIS-
PAETPESPPATP (SEQ ID NO: 12). In another embodiment,
the PEST-like sequence is from Streptolysin O protein of
Streptococcus sp. In another embodiment, the PEST-like
sequence is from Streptococcus pyogenes Streptolysin O, e.g.
KQNTASTETTTTNEQPK (SEQ ID NO: 13) at AA 35-51.
In another embodiment, the PEST-like sequence is from
Streptococcus equisimilis Streptolysin O, e.g. KQNTAN-
TETTTTNEQPK (SEQ ID NO: 14) at AA 38-54. In another
embodiment, the PEST-like sequence has a sequence selected
from SEQ ID NO: 8-14. In another embodiment, the PEST-
like sequence has a sequence selected from SEQ ID NO:
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6-14. In another embodiment, the PEST-like sequence is
another PEST-like AA sequence derived from a prokaryotic
organism.

Identification of PEST-like sequences is well known in the
art, and is described, for example in Rogers S et al (Amino
acid sequences common to rapidly degraded proteins: the
PEST hypothesis. Science 1986; 234(4774):364-8) and
Rechsteiner M et al (PEST sequences and regulation by pro-
teolysis. Trends Biochem Sci 1996; 21(7):267-71). “PEST-
like sequence” refers, in another embodiment, to a region rich
in proline (P), glutamic acid (E), serine (S), and threonine (T)
residues. In another embodiment, the PEST-like sequence is
flanked by one or more clusters containing several positively
charged amino acids. In another embodiment, the PEST-like
sequence mediates rapid intracellular degradation of proteins
containing it. In another embodiment, the PEST-like
sequence fits an algorithm disclosed in Rogers et al. In
another embodiment, the PEST-like sequence fits an algo-
rithm disclosed in Rechsteiner et al. In another embodiment,
the PEST-like sequence contains one or more internal phos-
phorylation sites, and phosphorylation at these sites precedes
protein degradation.

In one embodiment, PEST-like sequences of prokaryotic
organisms are identified in accordance with methods such as
described by, for example Rechsteiner and Rogers (1996,
Trends Biochem. Sci. 21:267-271) for LM and in Rogers S et
al (Science 1986; 234(4774):364-8). Alternatively, PEST-like
AA sequences from other prokaryotic organisms can also be
identified based on this method. Other prokaryotic organisms
wherein PEST-like AA sequences would be expected to
include, but are not limited to, other Listeria species. In one
embodiment, the PEST-like sequence fits an algorithm dis-
closed in Rogers et al. In another embodiment, the PEST-like
sequence fits an algorithm disclosed in Rechsteiner et al. In
another embodiment, the PEST-like sequence is identified
using the PEST-find program.

In another embodiment, identification of PEST motifs is
achieved by an initial scan for positively charged AA R, H,
and K within the specified protein sequence. All AA between
the positively charged flanks are counted and only those
motifs are considered further, which contain a number of AA
equal to or higher than the window-size parameter. In another
embodiment, a PEST-like sequence must contain at least 1 P,
1DorE,andatleast1 SorT.

In another embodiment, the quality of a PEST motif is
refined by means of a scoring parameter based on the local
enrichment of critical AA as well as the motif’s hydropho-
bicity. Enrichment of D, E, P, S and T is expressed in mass
percent (w/w) and corrected for 1 equivalent of D or E, 1 of P
and 1 of S or T. In another embodiment, calculation of hydro-
phobicity follows in principle the method of J. Kyte and R. F.
Doolittle (Kyte, J and Dootlittle, R F. J. Mol. Biol. 157,105
(1982). For simplified calculations, Kyte-Doolittle hydropa-
thy indices, which originally ranged from —4.5 for arginine to
+4.5 for isoleucine, are converted to positive integers, using
the following linear transformation, which yielded values
from O for arginine to 90 for isoleucine.

Hydropathy index=10*Kyte-Doolittle hydropathy
index+45

In another embodiment, a potential PEST motif’s hydro-
phobicity is calculated as the sum over the products of mole
percent and hydrophobicity index for each AA species. The
desired PEST score is obtained as combination of local
enrichment term and hydrophobicity term as expressed by the
following equation:

PEST score=0.55*DEPST-0.5*hydrophobicity index.
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In another embodiment, “PEST-like sequence” or “PEST-
like sequence peptide” refers to a peptide having a score of at
least +5, using the above algorithm. In another embodiment,
the term refers to a peptide having a score of at least 6. In
another embodiment, the peptide has a score of at least 7. In
another embodiment, the score is at least 8. In another
embodiment, the score is at least 9. In another embodiment,
the score is at least 10. In another embodiment, the score is at
least 11. In another embodiment, the score is at least 12. In
another embodiment, the score is at least 13. In another
embodiment, the score is at least 14. In another embodiment,
the score is at least 15. In another embodiment, the score is at
least 16. In another embodiment, the score is at least 17. In
another embodiment, the score is at least 18. In another
embodiment, the score is at least 19. In another embodiment,
the score is at least 20. In another embodiment, the score is at
least 21. In another embodiment, the score is at least 22. In
another embodiment, the score is at least 22. In another
embodiment, the score is at least 24. In another embodiment,
the score is at least 24. In another embodiment, the score is at
least 25. In another embodiment, the score is at least 26. In
another embodiment, the score is at least 27. In another
embodiment, the score is at least 28. In another embodiment,
the score is at least 29. In another embodiment, the score is at
least 30. In another embodiment, the score is at least 32. In
another embodiment, the score is at least 35. In another
embodiment, the score is at least 38. In another embodiment,
the score is at least 40. In another embodiment, the score is at
least 45. Each possibility represents a separate embodiment
of the present invention.

In another embodiment, the PEST-like sequence is identi-
fied using any other method or algorithm known in the art, e.g
the CaSPredictor (Garay-Malpartida H M, Occhiucci J M,
Alves J, Belizario J E. Bioinformatics. 2005 June; 21 Suppl
1:1169-76). In another embodiment, the following method is
used:

A PEST index is calculated for each stretch of appropriate
length (e.g. a 30-35 A A stretch) by assigning a value of 1 to
the AA Ser, Thr, Pro, Glu, Asp, Asn, or Gln. The coefficient
value (CV) for each of the PEST residue is 1 and for each of
the other AA (non-PEST) is 0.

Each method for identifying a PEST-like sequence repre-
sents a separate embodiment of the present invention.

In another embodiment, the PEST-like sequence is any
other PEST-like sequence known in the art. Each PEST-like
sequence and type thereof represents a separate embodiment
of the present invention.

“Fusion to a PEST-like sequence” refers, in another
embodiment, to fusion to a protein fragment comprising a
PEST-like sequence. In another embodiment, the term
includes cases wherein the protein fragment comprises sur-
rounding sequence other than the PEST-like sequence. In
another embodiment, the protein fragment consists of the
PEST-like sequence. Thus, in another embodiment, “fusion”
refers to two peptides or protein fragments either linked
together at their respective ends or embedded one within the
other. Each possibility represents a separate embodiment of
the present invention.

In another embodiment, the HMW-MAA fragment of
methods and compositions of the present invention is fused to
the non-HMW-MAA AA sequence. In another embodiment,
the HMW-MAA fragment is embedded within the non-
HMW-MAA AA sequence. In another embodiment, an
HMW-MAA-derived peptide is incorporated into an LLO
fragment, ActA protein or fragment, or PEST-like sequence.
Each possibility represents a separate embodiment of the
present invention.
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In another embodiment, fusion proteins of the present
invention are prepared by a process comprising subcloning of
appropriate sequences, followed by expression of the result-
ing nucleotide. In another embodiment, subsequences are
cloned and the appropriate subsequences cleaved using
appropriate restriction enzymes. The fragments are then
ligated, in another embodiment, to produce the desired DNA
sequence. In another embodiment, DNA encoding the fusion
protein is produced using DNA amplification methods, for
example polymerase chain reaction (PCR). First, the seg-
ments of the native DNA on either side of the new terminus
are amplified separately. The 5' end of the one amplified
sequence encodes the peptide linker, while the 3' end of the
other amplified sequence also encodes the peptide linker.
Since the 5' end of the first fragment is complementary to the
3'end of the second fragment, the two fragments (after partial
purification, e.g. on LMP agarose) can be used as an overlap-
ping template in a third PCR reaction. The amplified
sequence will contain codons, the segment on the carboxy
side of the opening site (now forming the amino sequence),
the linker, and the sequence on the amino side of the opening
site (now forming the carboxyl sequence). The insert is then
ligated into a plasmid. In another embodiment, a similar
strategy is used to produce a protein wherein an HMW-MAA
fragment is embedded within a heterologous peptide.

In one embodiment, LLLO sequences fused to a HMW-
MAA fragment such as A, B, or C or Listeria expressing a
HMW-MAA fragment increased the immune response to said
peptide (Example 5), conferred antitumor immunity (Ex-
amples 4 and 5), and generated peptide-specific [IFN-gamma-
secreting CD8+ cells (Example 5). In one embodiment, ActA,
LLO and/or PEST-like sequences fused to a peptide such as
HPV E7 increased the immune response to said peptide,
conferred antitumor immunity, and generated peptide-spe-
cific IFN-gamma-secreting CD8+ cells (Examples 6 and 7),
even when the fusion peptide was expressed in a non-Listeria
vector (Example 8).

In another embodiment, a recombinant polypeptide of the
present invention is made by a process comprising the step of
chemically conjugating a first polypeptide comprising an
HMW-MAA fragment to a second polypeptide comprising a
non-HMW-MAA peptide. In another embodiment, an HMW-
MAA fragment is conjugated to a second polypeptide com-
prising the non-HMW-MAA peptide. In another embodi-
ment, a peptide comprising an HMW-MAA fragment is
conjugated to a non-HMW-MA A peptide. In another embodi-
ment, an HMW-MAA fragment is conjugated to a non-
HMW-MAA peptide. Each possibility represents a separate
embodiment of the present invention.

The HMW-MAA protein from which HMW-MAA frag-
ments of the present invention are derived is, in another
embodiment, a human HMW-MAA protein. In another
embodiment, the HMW-MAA protein is a mouse protein. In
another embodiment, the HMW-MA A protein is a rat protein.
In another embodiment, the HMW-MAA protein is a primate
protein. In another embodiment, the HMW-MAA protein is
from any other species known in the art. In another embodi-
ment, the HMW-MAA protein is melanoma chondroitin sul-
fate proteoglycan (MCSP). In another embodiment, an AN2
protein is used in methods and compositions of the present
invention. In another embodiment, an NG2 protein is used in
methods and compositions of the present invention.

In another embodiment, the HMW-MAA protein of meth-
ods and compositions of the present invention has the
sequence:

MQSGRGPPLPAPGLALALTLTMLARLA-
SAASFFGENHLEVPVATALTDIDLQLQFSTSQ
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PEALLLLAAGPADHLLLQLYSGRLQVR-
LVLGQEELRLQTPAETLLSDSIPHTVVLTVVEGWATL
SVDGFLNASSAVPGAPLEVPYGLFVGGT-
GTLGLPYLRGTSRPLRGCLHAATLNGRSLLRPLTPD
VHEGCAEEFSASDDVALGFSGPHSLAAF-
PAWGTQDEGTLEFTLTTQSRQAPLAFQAGGRRGDF
IYVDIFEGHLRAVVEKGQGTVLLHNSVP-
VADGQPHEVSVHINAHRLEISVDQYPTHTSNRGVLS
YLEPRGSLLLGGLDAEASRHLQEHR-
LGLTPEATNASLLGCMEDLSVNGQRRGL-
REALLTRNMA AGCRLEEEEYEDDAYGHYEAFSTLA-
PEAWPAMELPEPCVPEPGLPPVFANFTQLLTISPLVVAE
GGTAWLEWRHVQPTLDLMEAELRKSQV-
LFSVTRGARHGELELDIPGAQARKMFTLLDVVNR
KARFIHDGSEDTSDQLVLEVSVTARVP-
MPSCLRRGQTYLLPIQVNPVNDPPHIIFPHGSLMVILE
HTQKPLGPEVFQAYDPDSACEGLTFQV-
LGTSSGLPVERRDQPGEPATEFSCRELEAGSLVYVH
RGGPAQDLTFRVSDGLQASPPATLK V-
VAIRPAIQIHRSTGLRLAQGSAMPILPANLSVETNAVG
QDVSVLFRVTGALQFGELQKQGAGGVEG-
ABWWATQAFHQRDVEQGRVRYLSTDPQHHAYD
TVENLALEVQVGQEILSNLSFPV-
TIQRATVWMLRLEPLHTQNTQQETLT-
TAHLEATLEEAGPSPP TFHYEVVQAPRKGN-
LQLQGTRLSDGQGFTQDDIQAGRVTYGATARASEAV-
EDTFRFRVTAPPY  FSPLYTFPIHIGGDPDAPVLTNV-
LLVVPEGGEGVLSADHLFVKSLNSASY-
LYEVMERPRHGRLA WRGTQDKTTMVTSFTNEDLL-
RGRLVYQHDDSETTEDDIPFVATRQGESSGDMAWEE-
VRGVFR VAIQPVNDHAPVQTISRIFHVARGGR-
RLLTTDDVAFSDADSGFADAQLVL -
TRKDLLFGSIVAVD EPTRPIYRFTQEDLRKRRVLFVH-
SGADRGWIQLQVSDGQHQATALLEVQASEPYLRVA-
NGSSL VVPQGGQGTIDTAVLHLDTNLDIRS-
GDEVHYHVTAGPRWGQLVRAGQ-
PATAFSQQDLLDGAV LYSHNGSLSPRDTMAFS-
VEAGPVHTDATLQVTIALEGPLAPLKLVRHKKIYVF-
QGEAAEIRRDQ LEAAQEAVPPADIVFSVKSPP-
SAGYLVMVSRGALADEPPSLDPVQSF-
SQEAVDTGRVLYLHSRP BEAWSDAFSLDVASGL-
GAPLEGVLVELEVLPAAIPLEAQNFSVPEGGSLTLAP-
PLLRVSGPYFPTL  LGLSLQVLEPPQHGALQKEDG-
PQARTLSAFSWRMVEEQLIRYVHDG-
SETLTDSFVLMANASEM DRQSHPVAFTVTV-
LPVNDQPPILTTNTGLQMWEGATAPIPAEALRSTDGD-
SGSEDLVYTIEQPS NGRVVLRGAPGTEVRS-
FTQAQLDGGLVLFSHRGTLDGGFRFRLS-
DGEHTSPGHFFRVTAQKQV  LLSLKGSQTLTVCPGS-
VQPLSSSQTLRASSSAGTDPQLLLYRVVRGPQLGRLF-
HAQQDSTGEALV NFTQAEVYAGNILYEHEMPPEPF-
WEAHDTLELQLSSPPARDVAATL AVAVS-
FEAACPQRPSHL ~ WKNKGLWVPEGQRARITVAAL-
DASNLLASVPSPQRSEHDVLFQVTQFPSRGQLLVSEE-
PLHAG QPHFLQSQLAAGQLVYAHGGGGTQQDGF-
HFRAHLQGPAGASVAGPQTSEAFAITVRDVNERP
PQPQASVPLRLTRGSRAPISRAQLSVVD-
PDSAPGEIEYEVQRAPHNGFLSLVGGGLGPVTRFTQA
DVDSGRLAFVANGSSVAGIFQLSMSD-
GASPPLPMSLAVDILPSAIEVQLRA-
PLEVPQALGRSSLS QQQLRVVS DREEPEAAYRLIQG-
PQYGHLLVGGRPTSAFSQFQIDQGEVVFAFTNFSSSH-
DHFRV LALARGVNASAVVNVTVRALLHVWAGGP-
WPQGATLRLDPTVLDAGELANRTGSVPRFRLLE
GPRHGRV-
VRVPRARTEPGGSQLVEQFTQQDLEDGR-

LGLEVGRPEGRAPGPAGDSLTLELWAQ GVP-
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PAVASLDFATEPYNAARPYSVALLSVPEAARTEAGKP-
ESSTPTGEPGPMASSPEPAVAKG GFLSFLEANMFSVI-
IPMCLVLLLLALILPLLFYLRKRNKT-
GKHDVQVLTAKPRNGLAGDTETFR ~ KVEPGQAIPL-
TAVPGQGPPPGGQPDPELLQFCRTPNPALKNGQYWV
(SEQ ID No: 15). In another embodiment, an HMW-MAA
AA sequence of methods and compositions of the present
invention comprises the sequence set forth in SEQ ID No: 15.
In another embodiment, the HMW-MAA AA sequence is a
homologue of SEQ ID No: 15. In another embodiment, the
HMW-MAA AA sequence is a variant of SEQ ID No: 15. In
another embodiment, the HMW-MAA AA sequence is a frag-
ment of SEQ ID No: 15. In another embodiment, the HMW-
MAA AA sequence is an isoform of SEQ ID No: 15. Each
possibility represents a separate embodiment of the present
invention.

In another embodiment, the HMW-MAA protein of meth-
ods and compositions of the present invention is encoded by
the sequence:

atgcagtceggecegeggecceccactte-
cageeeccggectggecttggctttgac-
cctgactatgttggecagacttgeatcegeggcttecttettcg  gtgagaaccac-
ctggaggtocctgtggccacggetctgaccgacatagacctgeagetgcagticte-
cacgtcccageccgaagecctecttetectg  gcageaggeccagetgaccac-
ctectgetgeagcetctactetggacge-
ctgcaggtcagacttgttctgggccaggaggagetgaggctgcagacte cagea-
gagacgctgetgagtgactccatcecccacactgtggtgctgactgtegtagagg -
getggoccacgttgtcagtcgatgggotitctgaacgect  cctcageagteccag-
gagcccecctagaggtce-
cectatgggctetttgt-
tggggocactgggaccctiggectgecctacctgaggggaaccagecg
accectgaggggottacctecatgeage-
caccctcaatggecgeagectectecg-
gectetgacceccgatgtgeatgaggoctgtgctgaagagttttc  tgccagtgat-
gatgtggcectgggcttctctgggecceactetetggetgecttecctgectgggg-
cactcaggacgaaggaaccctagagtttacactc  accacacagagecggeag-

geacccttggecttccaggecagggggoc-
cggcegtggggacttcatctatgtggacatatttgaggoccacctgegggee  gtg-

gtggagaaggoccagggtaccgtattgctccacaacagtgtgcctgtggecgatg-
ggcagcccecatgaggtcagtgtecacatcaatgetcaccg  getggaaatete-

cgtggaccagtaccctacgeatacttc-

gaaccgaggagtcctcagetacctg-
gagccacgggocagtctecttcticggggooctog
atgcagaggcctctcgtcacctecag-
gaacaccgectgggectgacaccagag-
gcecaccaatgecteectgetgggctgecatggaagacctcagtgte  aatggeca-
gaggcggoooctgcgggaagcetitgctgacgegcaacatggeagecggctgca-
goctggaggaggoagoagtatgaggacgatgecta tggacattatgaagetttete-
cacectggeccectgaggcttggecage-
catggagctgectgagecatgegtgectgagecagggctgectectgtettt
gccaatttcacccagetgctgactat-

cagcecactggtggtooc-
cgaggggoocacagectggettgagtggaggcatgtgcageccacgetggacct
gatggagoctgagctgcgcaaateccag-

gtgctgttcagegtgac-
ccgaggggcacgecatggegagetcgagetggacatccegggageccagg
cacgaaaaatgttcaccctectg-

gacgtggtgaaccgcaaggcccgcet-
tcatccacgatggctcetgaggacacctccgaccagetggtectggaggty teggot-
gacggctegggatgcccatgecctcatgecttcggagggoccaaacatacctectg-
cccatccaggtcaaccctgtcaatgacccaccecacate atcttcecacatg-
gcagcectcatggtgatcctggaaca-

cacgcagaagcegetggggcctgag-
gitttccaggectatgacceggactctgectgtgag
ggccteaccttccaggtecttggeac-
ctectetggectecccgtggagegecgagaccag-

cctgggoagccggcgaccgagttctectgeegggagtt  ggagoccggcage-
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ctagtctatgtccaccgeggtggtectg-

cacaggacttgacgttccgggtcage-
gatggactgcaggecagecccceggecac
gctgaaggtogtgoccatecggecggc-
catacagatccaccgcageacagggt-
tgcgactggeccaaggctetgecatgeccatcttgecegecaac  ctgteggte-
gagaccaatgeegtgggocaggatgtogagegtgctgttccgegtecactgggocc-
ctgeagtttgggpagctgcagaageaggggpeag  gtgggetggagggtact-
gagtggtogoccacacaggegttccac-
cagcgggatgtggagcaggoccgegtgaggtacctgageactgacccacage
accacgcttacgacaccgtggagaac-
ctggeectggaggtocaggtggoccag-
gagatcctgagceaatctgtecttcccagtgaccatccagagage cactgtgtggat-
getgeggcetggagecactgeacactcagaacacccageaggagacectcacca-
cagccecacctggaggecaccctggaggaggoce  aggeccaagecccccaacct-
tccattatgaggtggttcaggcteccag-
gaaaggcaaccttcaactacagggcacaaggctgtcagatggccagggoc ttcac-
ccaggatgacatacaggctggecgggtgacctatggggoccacageacgtgccte-
agaggcagtcgaggacaccttecgtttcegtgtcacage  tccaccatatttete-
cccactctataccttecccatecacat-

tggtogtogacccagatgegectgtect-
caccaatgtcctectegtggtgcctgaggotog
tgagggtgatcctetctgetgaccac-

ctetttgtcaagagtctcaacagtgc-

cagctacctctatgaggtcatggageggeccgecatgggagattgoct

tggcgtggoacacaggacaagaccac-
tatggtgacatccttcaccaatgaagac-

ctgttgegtggccggctggtctaccageatgatgactccgagac cacagaagat-
gatatcccatttgttgctacccgecagggegagageagtggtgacatggectggg-
aggaggtacggggtotcttccgagtggccatce  ageccgtgaatgaccacge-
cctgtgcagaccatcagecggatctte-
catgtggccggootogocgocgoctgctgactacagacgacgtggcctt cage-
gatgctgactegggctttgctgacgeccagetggtgcttacccgeaaggacctect-
ctttggcagtatcgtggecgtagatgageccacgeggee  catctaccgettcac-
ccaggaggacctcaggaagaggcgag-
tactgttcgtgcactcaggggactgac-
cgtggctggatccagetgeaggtgtecgacg
ggcaacaccaggecactgegetgctg-
gaggtgcaggccicggaaccctaccte-
cgtgtgaccaacggcetccagecttgtggtecctcaagggggce agggeaccate-
gacacggecgtgctecacctggacaccaacctcgacatecgeagtggooatgag-
gtccactaccacgtcacagetggecctegetg gggacagetagtecgggctggt-
cagccagcecacagecttcteccageag-
gacctgetggatggooccgtictctatagecacaatggeagectcagee cccge-
gacaccatggcecttcteccgtggaagcagggccagtgcacacggatgecacccta-
caagtgaccattgcectagagggcccactggecccact gaagcetggtecggea-
caagaagatctacgtcttccagggagag-
gcagctgagatcagaagggaccagetggaggcageccaggaggcagtgecac
ctgcagacatcgtattctcagtgaa-

gagcccaccgagtgecggctacctggt-
gatggtgtcgegtggegectiggeagatgagecacccagectggac cetgtgea-
gagcttctcccaggaggceagtggacacaggeagggtcctgtacctgeacteceg-
ccctgaggectggagegatgectictegetggatgt  ggectcaggectgggt-
gcteeectegagggcgtectigtg-

gagctggagatoctgccegetgecate-
ccactagaggcgcaaaacttcagegteectg
agggtggcagectcaccctggecccte-
cactgcteegtgteteccgggcecctact-
tceccactetectgggcctcagectgeaggtgctggagecaccee agcatg-
gagcectgecagaaggaggacggacctcaagecaggacectcagegecttetect-
ggagaatggtogaagagcagctgatccgetacgtge  atgacgggagegaga-
cactgacagacagttttgtcctgatg-

gctaatgectecgagatggatcgeca-
gagccatcctgtggecttcactgtcactgtect
gectgtcaatgaccaaccecccatect-
cactacaaacacaggcctgcagatgtog-

gagggooccactgecgeccatcectgeggaggctctgaggage acggacggc-
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gactctgggtctgaggatctggtctacaccatcgageageccageaacgggcgg-
gtagtgctgegggggocgecgggcactgaggt  gegeageticacgeaggc-
ccagetggacggegggctegtgctgt-
tctcacacagaggaaccctggatggagocttecgetteccgectetetgacgge
gagcacacttcccecggacacticttc-
cgagtgacggceccagaagcaagtgctc-
ctetegetgaagggcagecagacactgactgtetgeccagggtc  cgtecage-
cactcagcagtcagaccctcagggecagetccagegeaggeactgacecccag-
ctectgetetacegtgtggtgcgggacceccageta  ggecggctgttccacge-
ccagcaggacagcacagggoaggoccetg-
gtgaacttcactcaggcagaggtictacgctgggaatattctgtatgageatg agat-
geeeccgageccttttgggagocccatgataccctagageteccagetgtectege-
cgectgeeccgggacgtgaccgecaccecttgetgtgact gtgtettttgaggctgc-
ctgtecccagegecccagecacctetg-
gaagaacaaaggtctctgggatecccgaggoccagegggccaggatcaccgtgg
ctgctctggatgectccaatetcttgge-
cagcgttccatcaccccagegetcagag-
catgatgtgctcttccaggtcacacagticeccageeggggocca getgttggtgte-
cgaggagceccectecatgetgggcagecccacttectgeagtcecagetggetgea-
ggocagctagtgtatgeccacggeggtggoo  gcacccagcaggatggctic-
cactttcgtgeccacctecaggggecag-
caggggccteegtggctggaccccaaacctcagaggectttgecatcac ggt-
gaggoatgtaaatgagcggccccctcagecacaggectetgteccacteeggete-
accegaggetctegtgececcatcteccgggeccagetg agtgtggtogacceca-
gactcagctcctggggagattgagtac-
gaggtccagegggcaccccacaacggct-
tectcagectggtgggatggtoocctgg

ggeccgtgaccegcettcacgcaage-

cgatgtggattcaggocgoctggcct-
tcgtggecaacgggageagegtggcaggcatcticcagetgageat gtct-
gatgggoccageccacccctgeccatgtecctggetgtggacatectaccatecg-
ccatcgaggtgcagetgegggceaccectggaggtgecee
aagctttgggocgctectcactgage-

cagcagcagctecgggtggtttca-
gatcgggaggoagccagaggcageataccgectcatccagggacceca
gtatggocatctectggtaggocggoocg-

geecaccteggecttcagecaatteca-
gatagaccagggcgaggtggtctttgecttcaccaacttctectce  tetcatgac-
cacttcagagtcctggeactggctagggotgotcaatgcatcagecgtagtgaacgt-
cactgtgagggctctgetgeatgtgtgggcaggte goccatggecccagggtec-
caccctgegectggacececaccegtecta-
gatgctggcgagetggccaaccgeacaggeagtgtgecgegetteegec tectg-
gaggoacceeggeatggecgegtggteegegtgececgagecaggacggage-
ceggggocagecagetggtogagcagitcactcagea ggaccttgaggacgg-
gaggetgggactggaggtggocaggcca-
gaggooagoocccceggeccegeaggtgacagtctcactctggagetgteg
gcacagggcgtceegectgctgtggc-

cteectggactttgecactgagectta-
caatgctgeecggecctacagegtggecctgetcagtgtecececegag geege-
ccggacggaageagggaagccagagageageacceccacaggegagecagg-
ccecatggeatecagecctgageccgetgtggecaag  ggaggcttectgaget-
tccttgaggecaacatgttcagegtcat-

catccccatgtgectggtacttctgete-
ctggcgctcatectgeecectgetcettctacct
ccgaaaacgcaacaagacgggcaageat-
gacgtccaggtcetgactgecaage-
ccegeaacggectggetggtgacaccgagacctttcgcaaggt ggagecaggc-
caggccatceegetcacagetgtgectggecaggggceccectecaggaggeca-
gcectgacccagagetgcetgeagttetgecgga cacccaaccctgeecttaa-
gaatggccagtactgggtgtgaggcctg-
geetgggeccagatgetgategggecagggacagge (SEQ ID No: 16).
In another embodiment, the recombinant nucleotide has the
sequence set forth in SEQ ID NO: 16. In another embodiment,
an HMW-MA A -encoding nucleotide of methods and compo-
sitions of the present invention comprises the sequence set
forth in SEQ ID No: 16. In another embodiment, the HMW-
MAA -encoding nucleotide is ahomologue of SEQ ID No: 16.
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In another embodiment, the HMW-MAA -encoding nucle-
otide is a variant of SEQ ID No: 16. In another embodiment,
the HMW-MAA-encoding nucleotide is a fragment of SEQ
ID No: 16. In another embodiment, the HMW-MAA-encod-
ing nucleotide is an isoform of SEQ ID No: 16. Each possi-
bility represents a separate embodiment of the present inven-
tion.

In another embodiment, the HMW-MAA protein of meth-
ods and compositions of the present invention has an AA
sequence set forth in a GenBank entry having an Accession
Numbers selected from NM_ 001897 and X96753. In
another embodiment, the HMW-MAA protein is encoded by
a nucleotide sequence set forth in one of the above GenBank
entries. In another embodiment, the HMW-MAA protein
comprises a sequence set forth in one of the above GenBank
entries. In another embodiment, the HMW-MAA protein is a
homologue of a sequence set forth in one of the above Gen-
Bank entries. In another embodiment, the HMW-MAA pro-
tein is a variant of a sequence set forth in one of the above
GenBank entries. In another embodiment, the HMW-MAA
protein is a fragment of a sequence set forth in one of the
above GenBank entries. In another embodiment, the HMW-
MAA protein is an isoform of a sequence set forth in one of
the above GenBank entries. Each possibility represents a
separate embodiment of the present invention.

The HMW-MAA fragment utilized in the present invention
comprises, in another embodiment, AA 360-554. In another
embodiment, the fragment consists essentially of AA 360-
554. In another embodiment, the fragment consists of AA
360-554. In another embodiment, the fragment comprises AA
701-1130. In another embodiment, the fragment consists
essentially of AA 701-1130. In another embodiment, the frag-
ment consists of AA 701-1130. In another embodiment, the
fragment comprises AA 2160-2258. In another embodiment,
the fragment consists essentially of 2160-2258. In another
embodiment, the fragment consists of 2160-2258. Each pos-
sibility represents a separate embodiment of the present
invention.

In some embodiments, a polypeptide of the present inven-
tion will comprise a fragment of a HMW-MAA protein, in
any form or embodiment as described herein. In some
embodiments, any of the polypeptides of the present inven-
tion will consist of a fragment of a HMW-MAA protein, in
any form or embodiment as described herein. In some
embodiments, of the compositions of this invention will con-
sist essentially of a fragment of a HMW-MAA protein, in any
form or embodiment as described herein. In some embodi-
ments, the term “comprise” refers to the inclusion of the
indicated active agent, such as the fragment of a HMW-MAA
protein, or the fragment of a HMW-MAA protein and a non-
HMW-MAA polypeptide, as well as inclusion of other active
agents, and pharmaceutically acceptable carriers, excipients,
emollients, stabilizers, etc., as are known in the pharmaceu-
tical industry. In some embodiments, the term “consisting
essentially of” refers to a composition, whose only active
ingredient is the indicated active ingredient, however, other
compounds may be included which are for stabilizing, pre-
serving, etc. the formulation, but are not involved directly in
the therapeutic effect of the indicated active ingredient. In
some embodiments, the term “consisting essentially of” may
refer to components which facilitate the release of the active
ingredient. In some embodiments, the term “consisting”
refers to a composition, which contains the active ingredient
and a pharmaceutically acceptable carrier or excipient.

In another embodiment, the HMW-MAA fragment is
approximately 98 AA in length. In another embodiment, the
length is approximately 194 AA. In another embodiment, the
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length is approximately 430 AA. In another embodiment, the
length is approximately 98-194 AA. In another embodiment,
the length is approximately 194-430 AA. In another embodi-
ment, the length is approximately 98-430 AA.

In another embodiment, the length of the HMW-MAA
fragment of the present invention is at least 8 amino acids
(AA). In another embodiment, the length is more than 8 AA.
In another embodiment, the length is at least 9 AA. In another
embodiment, the length is more than 9 AA. In another
embodiment, the length is at least 10 AA. In another embodi-
ment, the length is more than 10 AA. In another embodiment,
the length is at least 11 AA. In another embodiment, the
length is more than 11 AA. In another embodiment, the length
is at least 12 AA. In another embodiment, the length is more
than 12 AA. In another embodiment, the length is at least
about 14 AA. In another embodiment, the length is more than
14 AA. In another embodiment, the length is at least about 16
AA. In another embodiment, the length is more than 16 AA.
In another embodiment, the length is at least about 18 AA. In
another embodiment, the length is more than 18 AA. In
another embodiment, the length is at least about 20 AA. In
another embodiment, the length is more than 20 AA. In
another embodiment, the length is at least about 25 AA. In
another embodiment, the length is more than 25 AA. In
another embodiment, the length is at least about 30 AA. In
another embodiment, the length is more than 30 AA. In
another embodiment, the length is at least about 40 AA. In
another embodiment, the length is more than 40 AA. In
another embodiment, the length is at least about 50 AA. In
another embodiment, the length is more than 50 AA. In
another embodiment, the length is at least about 70 AA. In
another embodiment, the length is more than 70 AA. In
another embodiment, the length is at least about 100 AA. In
another embodiment, the length is more than 100 AA. In
another embodiment, the length is at least about 150 AA. In
another embodiment, the length is more than 150 AA. In
another embodiment, the length is at least about 200 AA. In
another embodiment, the length is more than 200 AA. Each
possibility represents a separate embodiment of the present
invention.

In another embodiment, the length is about 8-50 AA. In
another embodiment, the length is about 8-70 AA. In another

embodiment, the length is about 8-100 AA. In another
embodiment, the length is about 8-150 AA. In another
embodiment, the length is about 8-200 AA. In another
embodiment, the length is about 8-250 AA. In another
embodiment, the length is about 8-300 AA. In another
embodiment, the length is about 8-400 AA. In another
embodiment, the length is about 8-500 AA. In another
embodiment, the length is about 9-50 AA. In another embodi-

ment, the length is about 9-70 AA. In another embodiment,
the length is about 9-100 AA. In another embodiment, the
length is about 9-150 AA. In another embodiment, the length
is about 9-200 AA. In another embodiment, the length is
about 9-250 AA. In another embodiment, the length is about
9-300 AA. In another embodiment, the length is about 10-50
AA. In another embodiment, the length is about 10-70 AA. In
another embodiment, the length is about 10-100 AA. In
another embodiment, the length is about 10-150 AA. In
another embodiment, the length is about 10-200 AA. In
another embodiment, the length is about 10-250 AA. In
another embodiment, the length is about 10-300 AA. In
another embodiment, the length is about 10-400 AA. In
another embodiment, the length is about 10-500 AA. In
another embodiment, the length is about 11-50 AA. In
another embodiment, the length is about 11-70 AA. In
another embodiment, the length is about 11-100 AA. In
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another embodiment, the length is about 70-500 AA. In
another embodiment, the length is about 100-150 AA. In
another embodiment, the length is about 100-200 AA. In
another embodiment, the length is about 100-250 AA. In
another embodiment, the length is about 100-300 AA. In
another embodiment, the length is about 100-400 AA. In
another embodiment, the length is about 100-500 AA. Each
possibility represents a separate embodiment of the present
invention.

Each HMW-MAA protein and each fragment thereof rep-
resents a separate embodiment of the present invention.

In another embodiment, a recombinant polypeptide of the
methods and compositions of the present invention comprises
a signal sequence. In another embodiment, the signal
sequence is from the organism used to construct the vaccine
vector. In another embodiment, the signal sequence is a LLO
signal sequence. In another embodiment, the signal sequence
is an ActA signal sequence. In another embodiment, the sig-
nal sequence is a Listerial signal sequence. In another
embodiment, the signal sequence is any other signal sequence
known in the art. Each possibility represents a separate
embodiment of the present invention.

The terms “peptide” and “recombinant peptide” refer, in
another embodiment, to a peptide or polypeptide of any
length. In another embodiment, a peptide or recombinant
peptide of the present invention has one of the lengths enu-
merated above for an HMW-MAA fragment. Each possibility
represents a separate embodiment of the present invention. In
one embodiment, the term “peptide” refers to native peptides
(either degradation products, synthetically synthesized pep-
tides or recombinant peptides) and/or peptidomimetics (typi-
cally, synthetically synthesized peptides), such as peptoids
and semipeptoids which are peptide analogs, which may
have, for example, modifications rendering the peptides more
stable while in a body or more capable of penetrating into
cells. Such modifications include, but are not limited to N
terminus modification, C terminus modification, peptide
bond modification, including, but not limited to, CH2—NH,
CH2—S, CH2—S—0, O—C—NH, CH2—0O, CH2—CH2,
S—C—NH, CH—CH or CF—CH, backbone modifications,
and residue modification. Methods for preparing peptidomi-
metic compounds are well known in the art and are specified,
for example, in Quantitative Drug Design, C. A. Ramsden
Gd., Chapter 17.2, F. Choplin Pergamon Press (1992), which
is incorporated by reference as if fully set forth herein. Fur-
ther details in this respect are provided hereinunder.

Peptide bonds (—CO—NH—) within the peptide may be
substituted, for example, by N-methylated bonds (—N
(CH3)-CO—), ester bonds (—C(R)H—C—O0—0—C(R)—
N—), ketomethylen bonds (—CO—CH2—), *-aza bonds
(—NH—N(R)—CO—), wherein R is any alkyl, e.g., methyl,
carba bonds (—CH2—NH—), hydroxyethylene bonds
(—CH(OH)—CH2—), thioamide bonds (—CS—NH—),
olefinic double bonds (—CH—CH—), retro amide bonds
(—NH—CO—), peptide derivatives (—N(R)—CH2—
CO—), wherein R is the “normal” side chain, naturally pre-
sented on the carbon atom.

These modifications can occur at any of the bonds along the
peptide chain and even at several (2-3) at the same time.
Natural aromatic amino acids, Trp, Tyr and Phe, may be
substituted for synthetic non-natural acid such as TIC, naph-
thylelanine (Nol), ring-methylated derivatives of Phe, halo-
genated derivatives of Phe or o-methyl-Tyr.

In addition to the above, the peptides of the present inven-
tion may also include one or more modified amino acids or
one or more non-amino acid monomers (e.g. fatty acids,
complex carbohydrates etc).
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In one embodiment, the term “amino acid” or “amino
acids” is understood to include the 20 naturally occurring
amino acids; those amino acids often modified post-transla-
tionally in vivo, including, for example, hydroxyproline,
phosphoserine and phosphothreonine; and other unusual
amino acids including, but not limited to, 2-aminoadipic acid,
hydroxylysine, isodesmosine, nor-valine, nor-leucine and
ornithine. Furthermore, the term “amino acid” may include
both D- and L-amino acids.

Peptides or proteins of this invention may be prepared by
various techniques known in the art, including phage display
libraries (Hoogenboom and Winter, J. Mol. Biol. 227:381
(1991); Marks et al., J. Mol. Biol. 222:581 (1991)).

In one embodiment, the term “oligonucleotide™ is inter-
changeable with the term “nucleic acid”, and may refer to a
molecule, which may include, but is not limited to, prokary-
otic sequences, eukaryotic mRNA, cDNA from eukaryotic
mRNA, genomic DNA sequences from eukaryotic (e.g.,
mammalian) DNA, and even synthetic DNA sequences. The
term also refers to sequences that include any of the known
base analogs of DNA and RNA.

In another embodiment, the present invention provides a
vaccine comprising a recombinant Listeria strain of the
present invention. In one embodiment, the vaccine addition-
ally comprises an adjuvant. In one embodiment, the vaccine
additionally comprises a cytokine, chemokine, or combina-
tion thereof. In one embodiment, a vaccine is a composition
which elicits an immune response to an antigen or polypep-
tide in the composition as a result of exposure to the compo-
sition. In another embodiment, the vaccine or composition
additionally comprises APCs, which in one embodiment are
autologous, while in another embodiment, they are allogeneic
to the subject.

In another embodiment, the present invention provides a
vaccine comprising a recombinant polypeptide of the present
invention and an adjuvant.

In another embodiment, the present invention provides an
immunogenic composition comprising a recombinant
polypeptide of the present invention. In another embodiment,
the immunogenic composition of methods and compositions
of the present invention comprises a recombinant vaccine
vector encoding a recombinant peptide of the present inven-
tion. In another embodiment, the immunogenic composition
comprises a plasmid encoding a recombinant peptide of the
present invention. In another embodiment, the immunogenic
composition comprises an adjuvant. In one embodiment, a
vector of the present invention may be administered as part of
avaccine composition. Each possibility represents a separate
embodiment of the present invention.

The immunogenic composition utilized in methods and
compositions of the present invention comprises, in another
embodiment, a recombinant vaccine vector. In another
embodiment, the recombinant vaccine vector comprises a
recombinant peptide of the present invention. In another
embodiment, the recombinant vaccine vector comprises an
isolated nucleic acid of the present invention. In another
embodiment, the recombinant vaccine vector comprises an
isolated nucleic acid encoding a recombinant peptide of the
present invention. Each possibility represents a separate
embodiment of the present invention.

In another embodiment, the present invention provides a
recombinant vaccine vector encoding a recombinant
polypeptide of the present invention. In another embodiment,
the present invention provides a recombinant vaccine vector
comprising a recombinant polypeptide of the present inven-
tion. In another embodiment, the expression vector is a plas-
mid. Methods for constructing and utilizing recombinant vec-
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tors are well known in the art and are described, for example,
in Sambrook et al. (2001, Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory, New York), and in
Brent et al. (2003, Current Protocols in Molecular Biology,
John Wiley & Sons, New York). Each possibility represents a
separate embodiment of the present invention.

In another embodiment, the vector is an intracellular patho-
gen. In another embodiment, the vector is derived from a
cytosolic pathogen. In another embodiment, the vector is
derived from an intracellular pathogen. In another embodi-
ment, an intracellular pathogen induces a predominantly cell-
mediated immune response. In another embodiment, the vec-
tor is a Salmonella strain. In another embodiment, the vector
is a BCG strain. In another embodiment, the vector is a
bacterial vector. In another embodiment, dendritic cells trans-
duced with a vector of the present invention may be admin-
istered to the subject to upregulate the subject’s immune
response, which in one embodiment is accomplished by
upregulating CTL activity.

In another embodiment, the recombinant vaccine vector
induces a predominantly Thl-type immune response.

An immunogenic composition of methods and composi-
tions of the present invention comprises, in another embodi-
ment, an adjuvant that favors a predominantly Thl-type
immune response. In another embodiment, the adjuvant
favors a predominantly Thl-mediated immune response. In
another embodiment, the adjuvant favors a Th1-type immune
response. In another embodiment, the adjuvant favors a Th1-
mediated immune response. In another embodiment, the
adjuvant favors a cell-mediated immune response over an
antibody-mediated response. In another embodiment, the
adjuvant is any other type of adjuvant known in the art. In
another embodiment, the immunogenic composition induces
the formation of a T cell immune response against the target
protein. Each possibility represents a separate embodiment of
the present invention.

In another embodiment, the adjuvant is MPL. In another
embodiment, the adjuvant is QS21. In another embodiment,
the adjuvant is a TLR agonist. In another embodiment, the
adjuvant is a TLR4 agonist. In another embodiment, the adju-
vant is a TLR9 agonist. In another embodiment, the adjuvant
is Resiquimod®. In another embodiment, the adjuvant is
imiquimod. In another embodiment, the adjuvant is a CpG
oligonucleotide. In another embodiment, the adjuvant is a
cytokine or a nucleic acid encoding same. In another embodi-
ment, the adjuvant is a chemokine or a nucleic acid encoding
same. In another embodiment, the adjuvant is IL-12 or a
nucleic acid encoding same. In another embodiment, the
adjuvant is IL-6 or a nucleic acid encoding same. In another
embodiment, the adjuvant is a lipopolysaccharide. In another
embodiment, the adjuvant is as described in Fundamental
Immunology, Sthed (August 2003): William E. Paul (Editor);
Lippincott Williams & Wilkins Publishers; Chapter 43: Vac-
cines, G J V Nossal, which is hereby incorporated by refer-
ence. In another embodiment, the adjuvant is any other adju-
vant known in the art. Each possibility represents a separate
embodiment of the present invention. In one embodiment, a
“predominantly Thl-type immune response” refers to an
immune response in which IFN-gamma is secreted. In
another embodiment, it refers to an immune response in
which tumor necrosis facto-f is secreted. In another embodi-
ment, it refers to an immune response in which IL-2 is
secreted. Each possibility represents a separate embodiment
of'the present invention. In another embodiment, the vector is
selected from Salmonella sp., Shigella sp., BCG, L. monocy-
togenes (which embodiment is exemplified in Example 2), E.
coli, and S. gordonii. In another embodiment, the fusion pro-
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teins are delivered by recombinant bacterial vectors modified
to escape phagolysosomal fusion and live in the cytoplasm of
the cell. In another embodiment, the vector is a viral vector. In
other embodiments, the vector is selected from Vaccinia
(which embodiment is exemplified in Example 8), Avipox,
Adenovirus, AAV, Vaccinia virus NYVAC, Modified vaccinia
strain Ankara (MVA), Semliki Forest virus, Venezuelan
equine encephalitis virus, herpes viruses, and retroviruses. In
another embodiment, the vector is a naked DNA vector. In
another embodiment, the vector is any other vector known in
the art. Each possibility represents a separate embodiment of
the present invention. In another embodiment, the present
invention provides an isolated nucleic acid encoding a recom-
binant polypeptide of the present invention. In one embodi-
ment, the isolated nucleic acid comprises a sequence sharing
at least 85% homology with a nucleic acid encoding a recom-
binant polypeptide of the present invention. In another
embodiment, the isolated nucleic acid comprises a sequence
sharing at least 90% homology with a nucleic acid encoding
a recombinant polypeptide of the present invention. In
another embodiment, the isolated nucleic acid comprises a
sequence sharing at least 95% homology with a nucleic acid
encoding a recombinant polypeptide of the present invention.
In another embodiment, the isolated nucleic acid comprises a
sequence sharing at least 97% homology with a nucleic acid
encoding a recombinant polypeptide of the present invention.
In another embodiment, the isolated nucleic acid comprises a
sequence sharing at least 99% homology with a nucleic acid
encoding a recombinant polypeptide of the present invention.

In another embodiment, the present invention provides a
vaccine comprising a recombinant nucleotide molecule of the
present invention and an adjuvant. In another embodiment,
the present invention provides a recombinant vaccine vector
comprising a recombinant nucleotide molecule of the present
invention. In another embodiment, the present invention pro-
vides a recombinant vaccine vector encoding a recombinant
polypeptide of the present invention. In another embodiment,
the present invention provides a recombinant vaccine vector
comprising a recombinant polypeptide of the present inven-
tion. In another embodiment, the expression vector is a plas-
mid. Methods for constructing and utilizing recombinant vec-
tors are well known in the art and are described, for example,
in Sambrook et al. (2001, Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory, New York), and in
Brent et al. (2003, Current Protocols in Molecular Biology,
John Wiley & Sons, New York). Each possibility represents a
separate embodiment of the present invention.

Methods for preparing peptide vaccines are well known in
the art and are described, for example, in EP1408048, United
States Patent Application Number 20070154953, and
OGASAWARA et al (Proc. Nati. Acad. Sci. USA Vol. 89, pp.
8995-8999, October 1992). In one embodiment, peptide evo-
Iution techniques are used to create an antigen with higher
immunogenicity. Techniques for peptide evolution are well
known in the art and are described, for example in U.S. Pat.
No. 6,773,900.

In one embodiment, a vaccine is a composition which
elicits an immune response to an antigen or polypeptide in the
composition as a result of exposure to the composition.

In another embodiment, the present invention provides a
recombinant Listeria strain comprising a recombinant nucle-
otide molecule of the present invention.

The recombinant Listeria strain of methods and composi-
tions of the present invention is, in another embodiment, a
recombinant Listeria monocytogenes strain. In another
embodiment, the Listeria strain is a recombinant Listeria
seeligeri strain. In another embodiment, the Listeria strain is
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a recombinant Listeria grayi strain. In another embodiment,
the Listeria strain is a recombinant Listeria ivanovii strain. In
another embodiment, the Listeria strain is a recombinant
Listeria murrayi strain. In another embodiment, the Listeria
strain is a recombinant Listeria welshimeri strain. In another
embodiment, the Listeria strain is a recombinant strain of any
other Listeria species known in the art. In one embodiment,
the Listeria strain is a Listeria strain comprising LLO, while
in another embodiment, the Listeria strain is a Listeria strain
comprising ActA, while in another embodiment, the Listeria
strain is a Listeria strain comprising PEST-like sequences.

In another embodiment the Listeria strain is attenuated by
deletion of a gene. In another embodiment the Listeria strain
is attenuated by deletion of more than 1 gene. In another
embodiment the Listeria strain is attenuated by deletion or
inactivation of a gene. In another embodiment the Listeria
strain is attenuated by deletion or inactivation of more than 1
gene.

In another embodiment, the gene that is mutated is hly. In
another embodiment, the gene that is mutated is actA. In
another embodiment, the gene that is mutated is plc A. In
another embodiment, the gene that is mutated is plcB. In
another embodiment, the gene that is mutated is mpl. In
another embodiment, the gene that is mutated is inl A. In
another embodiment, the gene that is mutated is inlB. In
another embodiment, the gene that is mutated is bsh.

In another embodiment, the Listeria strain is an aux-
otrophic mutant. In another embodiment, the Listeria strain is
deficient in a gene encoding a vitamin synthesis gene. In
another embodiment, the Listeria strain is deficient in a gene
encoding pantothenic acid synthase.

In another embodiment, the Listeria strain is deficient in an
AA metabolism enzyme. In another embodiment the Listeria
strain is deficient in a D-glutamic acid synthase gene. In
another embodiment the Listeria strain is deficient in the dat
gene. In another embodiment the Listeria strain is deficient in
the dal gene. In another embodiment the Listeria strain is
deficient in the dga gene. In another embodiment the Listeria
strain is deficient in a gene involved in the synthesis of diami-
nopimelic acid. CysK. In another embodiment, the gene is
vitamin-B12 independent methionine synthase. In another
embodiment, the gene is trpA. In another embodiment, the
gene is trpB. In another embodiment, the gene is trpE. In
another embodiment, the gene is asnB. In another embodi-
ment, the gene is gltD. In another embodiment, the gene is
gltB. In another embodiment, the gene is leuA. In another
embodiment, the gene is argG. In another embodiment, the
gene is thrC. In another embodiment, the Listeria strain is
deficient in one or more of the genes described hereinabove.

In another embodiment, the Listeria strain is deficient in a
synthase gene. In another embodiment, the gene is an AA
synthesis gene. In another embodiment, the gene is folP. In
another embodiment, the gene is dihydrouridine synthase
family protein. In another embodiment, the gene is ispD. In
another embodiment, the gene is ispF. In another embodi-
ment, the gene is phosphoenolpyruvate synthase. In another
embodiment, the gene is hisF. In another embodiment, the
gene is hisH. In another embodiment, the gene is flil. In
another embodiment, the gene is ribosomal large subunit
pseudouridine synthase. In another embodiment, the gene is
ispD. In another embodiment, the gene is bifunctional GMP
synthase/glutamine amidotransferase protein. In another
embodiment, the gene is cobS. In another embodiment, the
gene is cobB. In another embodiment, the gene is cbiD. In
another embodiment, the gene is uroporphyrin-I11 C-methyl-
transferase/uroporphyrinogen-I1I1  synthase. In another
embodiment, the gene is cobQ. In another embodiment, the
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gene is uppS. In another embodiment, the gene is truB. In
another embodiment, the gene is dxs. In another embodiment,
the gene is mvaS. In another embodiment, the gene is dapA.
In another embodiment, the gene is ispG. In another embodi-
ment, the gene is folC. In another embodiment, the gene is
citrate synthase. In another embodiment, the gene is argl. In
another embodiment, the gene is 3-deoxy-7-phosphoheptu-
lonate synthase. In another embodiment, the gene is indole-
3-glycerol-phosphate synthase. In another embodiment, the
gene is anthranilate synthase/glutamine amidotransferase
component. In another embodiment, the gene is menB. In
another embodiment, the gene is menaquinone-specific iso-
chorismate synthase. In another embodiment, the gene is
phosphoribosylformylglycinamidine synthase 1 or II. In
another embodiment, the gene is phosphoribosylaminoimi-
dazole-succinocarboxamide synthase. In another embodi-
ment, the gene is carB. In another embodiment, the gene is
carA. In another embodiment, the gene is thyA. In another
embodiment, the gene is mgsA. In another embodiment, the
gene is aroB. In another embodiment, the gene is hepB. In
another embodiment, the gene is rluB. In another embodi-
ment, the gene is ilvB. In another embodiment, the gene is
ilvN. In another embodiment, the gene is alsS. In another
embodiment, the gene is fabF. In another embodiment, the
gene is fabH. In another embodiment, the gene is pseudouri-
dine synthase. In another embodiment, the gene is pyrG. In
another embodiment, the gene is truA. In another embodi-
ment, the gene is pabB. In another embodiment, the gene is an
atp synthase gene (e.g. atpC, atpD-2, aptG, atpA-2, etc).

In another embodiment, the gene is phoP. In another
embodiment, the gene is aroA aroC. In another embodiment,
the gene is aroD. In another embodiment, the gene is plcB.

In another embodiment, the Listeria strain is deficient in a
peptide transporter. In another embodiment, the gene is ABC
transporter/ ATP-binding/permease  protein. In another
embodiment, the gene is oligopeptide ABC transporter/oli-
gopeptide-binding protein. In another embodiment, the gene
is oligopeptide ABC transporter/permease protein. In another
embodiment, the gene is zinc ABC transporter/zinc-binding
protein. In another embodiment, the gene is sugar ABC trans-
porter. In another embodiment, the gene is phosphate trans-
porter. In another embodiment, the gene is ZIP zinc trans-
porter. In another embodiment, the gene is drug resistance
transporter of the EmrB/QacA family. In another embodi-
ment, the gene is sulfate transporter. In another embodiment,
the gene is proton-dependent oligopeptide transporter. In
another embodiment, the gene is magnesium transporter. In
another embodiment, the gene is formate/nitrite transporter.
In another embodiment, the gene is spermidine/putrescine
ABC transporter. In another embodiment, the gene is Na/Pi-
cotransporter. In another embodiment, the gene is sugar phos-
phate transporter. In another embodiment, the gene is
glutamine ABC transporter. In another embodiment, the gene
is major facilitator family transporter. In another embodi-
ment, the gene is glycine betaine/L-proline ABC transporter.
In another embodiment, the gene is molybdenum ABC trans-
porter. In another embodiment, the gene is techoic acid ABC
transporter. In another embodiment, the gene is cobalt ABC
transporter. In another embodiment, the gene is ammonium
transporter. In another embodiment, the gene is amino acid
ABC transporter. In another embodiment, the gene is cell
division ABC transporter. In another embodiment, the gene is
manganese ABC transporter. In another embodiment, the
gene is iron compound ABC transporter. In another embodi-
ment, the gene is maltose/maltodextrin ABC transporter. In
another embodiment, the gene is drug resistance transporter
of the Ber/CHlA family.
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In another embodiment, the gene is a subunit of one of the
above proteins.

In another embodiment, a recombinant Listeria strain of
the present invention has been passaged through an animal
host. In another embodiment, the passaging maximizes effi-
cacy of the strain as a vaccine vector. In another embodiment,
the passaging stabilizes the immunogenicity of the Listeria
strain. In another embodiment, the passaging stabilizes the
virulence of the Listeria strain. In another embodiment, the
passaging increases the immunogenicity of the Listeria
strain. In another embodiment, the passaging increases the
virulence of the Listeria strain. In another embodiment, the
passaging removes unstable sub-strains of the Listeria strain.
In another embodiment, the passaging reduces the prevalence
of unstable sub-strains of the Listeria strain. In another
embodiment, the passaging attenuates the strain, or in another
embodiment, makes the strain less virulent. Methods for pas-
saging a recombinant Listeria strain through an animal host
are well known in the art, and are described, for example, in
U.S. patent application Ser. No. 10/541,614. Each possibility
represents a separate embodiment of the present invention.

Each Listeria strain and type thereof represents a separate
embodiment of the present invention.

In another embodiment, the recombinant Listeria of meth-
ods and compositions of the present invention is stably trans-
formed with a construct encoding an antigen or an LLO-
antigen fusion. In one embodiment, the construct contains a
polylinker to facilitate further subcloning. Several techniques
for producing recombinant Listeria are known; each tech-
nique represents a separate embodiment of the present inven-
tion.

In another embodiment, the construct or heterologous gene
is integrated into the Listerial chromosome using homolo-
gous recombination. Techniques for homologous recombina-
tion are well known in the art, and are described, for example,
in Frankel, F R, Hegde, S, Lieberman, J, and Y Paterson.
Induction of a cell-mediated immune response to HIV gag
using Listeria monocytogenes as a live vaccine vector. J.
Immunol. 155: 4766-4774.1995; Mata, M, Yao, Z, Zubair, A,
Syres, K andY Paterson, Evaluation of a recombinant Listeria
monocytogenes expressing an HIV protein that protects mice
against viral challenge. Vaccine 19:1435-45, 2001; Boyer, J
D, Robinson, T M, Maciag, P C, Peng, X, Johnson, R S,
Paviakis, G, Lewis, M G, Shen, A, Siliciano, R, Brown, C R,
Weiner, D, and Y Paterson. DNA prime Listeria boost induces
a cellular immune response to SIV antigens in the Rhesus
Macaque model that is capable of limited suppression of
SIV239 viral replication. Virology. 333: 88-101, 2005. In
another embodiment, homologous recombination is per-
formed as described in U.S. Pat. No. 6,855,320. In another
embodiment, a temperature sensitive plasmid is used to select
the recombinants. Each technique represents a separate
embodiment of the present invention.

In another embodiment, the construct or heterologous gene
is integrated into the Listerial chromosome using transposon
insertion. Techniques for transposon insertion are well known
in the art, and are described, inter alia, by Sun et al. (Infection
and Immunity 1990, 58: 3770-3778) in the construction of
DP-1.967. Transposon mutagenesis has the advantage, in
another embodiment, that a stable genomic insertion mutant
can be formed. In another embodiment, the position in the
genome where the foreign gene has been inserted by trans-
poson mutagenesis is unknown.

In another embodiment, the construct or heterologous gene
is integrated into the Listerial chromosome using phage inte-
gration sites (Lauer P, Chow MY et al, Construction, charac-
terization, and use of two LM site-specific phage integration
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vectors. J Bacteriol 2002; 184(15): 4177-86). In another
embodiment, an integrase gene and attachment site of a bac-
teriophage (e.g. U153 or PSA listeriophage) is used to insert
the heterologous gene into the corresponding attachment site,
which can be any appropriate site in the genome (e.g. comK
or the 3' end of the arg tRNA gene). In another embodiment,
endogenous prophages are cured from the attachment site
utilized prior to integration of the construct or heterologous
gene. In another embodiment, this method results in single-
copy integrants. Each possibility represents a separate
embodiment of the present invention.

In another embodiment, the construct is carried by the
Listeria strain on a plasmid. LM vectors that express antigen
fusion proteins have been constructed via this technique.
Lm-GG/E7 was made by complementing a prfA-deletion
mutant with a plasmid containing a copy of the prfA gene and
a copy of the E7 gene fused to a form of the LLO (hly) gene
truncated to eliminate the hemolytic activity of the enzyme,
as described herein. Functional LLO was maintained by the
organism via the endogenous chromosomal copy of hly. In
another embodiment, the plasmid contains an antibiotic resis-
tance gene. In another embodiment, the plasmid contains a
gene encoding a virulence factor that is lacking in the genome
ofthe transformed Listeria strain. In another embodiment, the
virulence factor is prfA. In another embodiment, the viru-
lence factor is LLO. In another embodiment, the virulence
factor is ActA. In another embodiment, the virulence factor is
any of the genes enumerated above as targets for attenuation.
In another embodiment, the virulence factor is any other
virulence factor known in the art. Each possibility represents
a separate embodiment of the present invention.

In another embodiment, a recombinant peptide of the
present invention is fused to a Listerial protein, such as PI-
PLC, or a construct encoding same. In another embodiment,
a signal sequence of a secreted Listerial protein such as
hemolysin, ActA, or phospholipases is fused to the antigen-
encoding gene. In another embodiment, a signal sequence of
the recombinant vaccine vector is used. In another embodi-
ment, a signal sequence functional in the recombinant vac-
cine vector is used. Each possibility represents a separate
embodiment of the present invention.

In another embodiment, the construct is contained in the
Listeria strain in an episomal fashion. In another embodi-
ment, the foreign antigen is expressed from a vector harbored
by the recombinant Listeria strain.

Each method of expression in Listeria represents a separate
embodiment of the present invention.

In another embodiment, the present invention provides a
method of inducing an anti-HMW-MAA immune response in
a subject, comprising administering to the subject a compo-
sition comprising a recombinant Listeria strain of the present
invention, thereby inducing an anti-HMW-MAA immune
response in a subject.

In another embodiment, a subject is administered his/her
own allogeneic cells, which in one embodiment, elicit an
immune response to an antigen. In another embodiment, the
compositions and methods of the present invention result in
the expression of stimulatory cytokines, which in one
embodiment, are Th1 cytokines, which in one embodiment, is
IFN-gamma. In one embodiment, the expression of stimula-
tory cytokines contributes to the anti-tumor effect of the com-
positions and methods. In another embodiment, the compo-
sitions and methods of the present invention result in the
expression of gamma delta T cells.

In another embodiment, the present invention provides
compositions and methods for inducing non-specific anti-
tumor responses. In one embodiment, immunization with a
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melanoma antigen, such as HMW-MAA peptide, protects
against a type of melanoma that does not express the antigen
(Example 4).

In another embodiment, the present invention provides a
method of inducing an immune response against an HMW-
MAA -expressing tumor in a subject, comprising administer-
ing to the subject a composition comprising a recombinant
Listeria strain of the present invention, thereby inducing an
immune response against an HMW-MA A-expressing tumor.
As provided herein, vaccines of the present invention induce
antigen-specific immune response, as shown by multiple
lines of evidence—e.g. inhibition of tumor growth, tetramer
staining, measurement of numbers of tumor-infiltrating CD8*
T cells, FACS, and chromium release assay.

In another embodiment, the present invention provides a
method of inducing an immune response against a pericyte in
a subject, comprising administering to the subject a compo-
sition comprising a recombinant Listeria strain of the present
invention, thereby inducing an immune response against a
pericyte.

In another embodiment, the present invention provides a
method of impeding the growth of a solid tumor in a subject,
comprising administering to the subject a composition com-
prising a recombinant Listeria strain of the present invention,
thereby impeding a growth and/or delaying progression of a
solid tumor in a subject. In another embodiment, the subject
mounts an immune response against a pericyte of the solid
tumor. In another embodiment, the pericyte is in a vasculature
of the solid tumor. Each possibility represents a separate
embodiment of the present invention.

In another embodiment, the present invention provides a
method of treating a solid tumor in a subject, comprising
administering to the subject a composition comprising a
recombinant Listeria strain of the present invention, thereby
treating a solid tumor ina subject. In another embodiment, the
subject mounts an immune response against a pericyte of the
solid tumor. In another embodiment, the pericyte is in a vas-
culature of the solid tumor. Each possibility represents a
separate embodiment of the present invention.

In another embodiment, the present invention provides a
method of lysing one or more tumor cells in a subject, com-
prising administering to the subject a composition compris-
ing a recombinant Listeria strain of the present invention,
thereby lysing one or more tumor cells in a subject. In one
embodiment, tumor lysis is due to cytotoxic T lymphocytes,
tumor infilitrating lymphocytes, or a combination thereof,
which in one embodiment are tumor-specific.

In one embodiment, methods of the present invention are
used to treat, impede, suppress, inhibit, or prevent any of the
above-described diseases, disorders, symptoms, or side
effects associated with allergy or asthma. In one embodiment,
“treating” refers to both therapeutic treatment and prophylac-
tic or preventative measures, wherein the object is to prevent
or lessen the targeted pathologic condition or disorder as
described hereinabove. Thus, in one embodiment, treating
may include directly affecting or curing, suppressing, inhib-
iting, preventing, reducing the severity of, delaying the onset
of, reducing symptoms associated with the disease, disorder
or condition, or a combination thereof. Thus, in one embodi-
ment, “treating” refers inter alia to delaying progression,
expediting remission, inducing remission, augmenting
remission, speeding recovery, increasing efficacy of or
decreasing resistance to alternative therapeutics, or a combi-
nation thereof. In one embodiment, “preventing” or “imped-
ing” refers, inter alia, to delaying the onset of symptoms,
preventing relapse to a disease, decreasing the number or
frequency of relapse episodes, increasing latency between
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symptomatic episodes, or a combination thereof. In one
embodiment, “suppressing” or “inhibiting”, refers inter alia
to reducing the severity of symptoms, reducing the severity of
an acute episode, reducing the number of symptoms, reduc-
ing the incidence of disease-related symptoms, reducing the
latency of symptoms, ameliorating symptoms, reducing sec-
ondary symptoms, reducing secondary infections, prolong-
ing patient survival, or a combination thereof.

In one embodiment, symptoms are primary, while in
another embodiment, symptoms are secondary. In one
embodiment, “primary” refers to a symptom that is a direct
result of a particular disease or disorder, while in one embodi-
ment, “secondary” refers to a symptom that is derived from or
consequent to a primary cause. In one embodiment, the com-
pounds for use in the present invention treat primary or sec-
ondary symptoms or secondary complications related to
allergy or asthma. In another embodiment, “symptoms” may
be any manifestation of a disease or pathological condition.

As provided herein, Listeria strains expressing HMW-
MAA inhibited growth of tumors that did not express HMW-
MAA. These findings show that anti-HMW-MAA immune
responses inhibit and reverse vascularization of, and thus
inhibit growth of, solid tumors. Anti-HMW-MAA vaccines of
the present invention were able to exert these effects in spite
of the incomplete identity (80%) between HMW-MAA and
its mouse homolog, nameely mouse chondroitin sulfate pro-
teoglycan (“AN2”). In this embodiment, anti-HMW-MAA
vaccines of the present invention are efficacious for vaccina-
tion against any solid tumor, regardless of its expression of
HMW-MAA. Each possibility represents a separate embodi-
ment of the present invention.

In another embodiment, the present invention provides a
method of impeding a vascularization of a solid tumor in a
subject, comprising administering to the subject a composi-
tion comprising a recombinant Listeria strain of the present
invention, thereby impeding a vascularization of a solid
tumor in a subject. In another embodiment, the subject
mounts an immune response against a pericyte of the solid
tumor. In another embodiment, the pericyte is in a vasculature
of the solid tumor. Each possibility represents a separate
embodiment of the present invention.

The solid tumor that is the target of methods and compo-
sitions of the present invention is, in another embodiment, a
melanoma. In another embodiment, the tumoris a sarcoma. In
another embodiment, the tumor is a carcinoma. In another
embodiment, the tumor is a mesothelioma (e.g. malignant
mesothelioma). In another embodiment, the tumor is a
glioma. In another embodiment, the tumor is a germ cell
tumor. In another embodiment, the tumor is a choriocarci-
noma.

In another embodiment, the tumor is pancreatic cancer. In
another embodiment, the tumor is ovarian cancer. In another
embodiment, the tumor is gastric cancer. In another embodi-
ment, the tumor is a carcinomatous lesion of the pancreas. In
another embodiment, the tumor is pulmonary adenocarci-
noma. In another embodiment, the tumor is colorectal adeno-
carcinoma. In another embodiment, the tumor is pulmonary
squamous adenocarcinoma. In another embodiment, the
tumor is gastric adenocarcinoma. In another embodiment, the
tumor is an ovarian surface epithelial neoplasm (e.g. abenign,
proliferative or malignant variety thereof). In another
embodiment, the tumor is an oral squamous cell carcinoma.
In another embodiment, the tumor is non small-cell lung
carcinoma. In another embodiment, the tumor is an endome-
trial carcinoma. In another embodiment, the tumor is a blad-
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der cancer. In another embodiment, the tumor is a head and
neck cancer. In another embodiment, the tumor is a prostate
carcinoma.

In another embodiment, the tumor is a non-small cell lung
cancer (NSCLC). In another embodiment, the tumor is a
Wilms’ tumor. In another embodiment, the tumor is a desmo-
plastic small round cell tumor. In another embodiment, the
tumor is a colon cancer. In another embodiment, the tumor is
alung cancer. In another embodiment, the tumor is an ovarian
cancer. In another embodiment, the tumor is a uterine cancer.
In another embodiment, the tumor is a thyroid cancer. In
another embodiment, the tumor is a hepatocellular carci-
noma. In another embodiment, the tumor is a thyroid cancer.
In another embodiment, the tumor is a liver cancer. In another
embodiment, the tumor is a renal cancer. In another embodi-
ment, the tumor is a kaposis. In another embodiment, the
tumor is a sarcoma. In another embodiment, the tumor is
another carcinoma or sarcoma. Each possibility represents a
separate embodiment of the present invention.

In one embodiment, this invention provides compositions
and methods for preventing cancer in populations that are
predisposed to the cancer or in populations that are at high
risk for the cancer, which in one embodiment, may be a
population of women with breal or 2 mutations, which popu-
lation in one embodiment is susceptible to breast cancer.

Each of the above types of cancer represents a separate
embodiment of the present invention.

In another embodiment, the present invention provides a
method of inducing an immune response against an HMW-
MAA -expressing tumor in a subject, comprising administer-
ing to the subject a composition comprising a recombinant
Listeria strain of the present invention, thereby inducing an
immune response against an HMW-MA A-expressing tumor.
As provided herein, Listeria strains expressing HMW-MAA
elicited anti-HMW-MAA immune responses and inhibited
growth HMW-MA A -expressing of tumors.

The HMW-MAA-expressing tumor that is the target of
methods and compositions of the present invention is, in
another embodiment, a basal cell carcinoma. In another
embodiment, the HM W-MA A-expressing tumor is a tumor of
neural crest origin. In another embodiment, the HMW-MAA-
expressing tumor is an astrocytoma. In another embodiment,
the HMW-MA A-expressing tumor is a glioma. In another
embodiment, the HMW-MAA-expressing tumor is a neuro-
blastoma. In another embodiment, the HMW-MAA-express-
ing tumor is a sarcoma. In another embodiment, the HMW-
MAA -expressing tumor is a childhood leukemia. In another
embodiment, the HMW-MA A-expressing tumor is a lobular
breast carcinoma lesion. In another embodiment, the HMW-
MAA -expressing tumor is a melanoma. In another embodi-
ment, the HMW-MAA -expressing tumor is any other HMW-
MAA-expressing tumor. Each possibility represents a
separate embodiment of the present invention.

In another embodiment, the present invention provides a
method ofinducingan immuneresponse against a pericyte in a
subject, comprising administering to the subject a composi-
tion comprising a recombinant Listeria strain of the present
invention, thereby inducing an immune response against a
pericyte. As provided herein, Listeria strains expressing
HMW-MAA inhibited growth of solid tumors, even those that
did not express HMW-MAA. These findings demonstrate
inhibition of vascularization via induction of immune
responses against tumor-vascular associated pericytes.

In another embodiment, the present invention provides a
method of impeding a growth and/or delaying progression of
a HMW-MAA-expressing tumor in a subject, comprising
administering to the subject a composition comprising a
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recombinant Listeria strain of the present invention, thereby
impeding a growth and/or delaying progression of a HMW-
MAA -expressing tumor in a subject. In another embodiment,
the subject mounts an immune response against the HMW-
MAA -expressing tumor. Each possibility represents a sepa-
rate embodiment of the present invention.

In another embodiment, the present invention provides a
method of treating a HMW-MA A-expressing tumor in a sub-
ject, comprising administering to the subject a composition
comprising a recombinant Listeria strain of the present inven-
tion, thereby treating a HMW-MAA-expressing tumor in a
subject. In another embodiment, the subject mounts an
immune response against the HMW-MAA-expressing tumor.
Each possibility represents a separate embodiment of the
present invention.

The recombinant Listeria strain of the present invention
utilized in methods of the present invention comprises, in
another embodiment, a recombinant polypeptide of the
present invention. In another embodiment, the recombinant
Listeria strain comprises a recombinant nucleotide molecule
of the present invention. In another embodiment, the recom-
binant Listeria strain is any recombinant Listeria strain
described or enumerated above. Each possibility represents a
separate embodiment of the present invention.

In another embodiment, the present invention provides a
method of inducing an anti-HMW-MAA immune response in
a subject, comprising administering to the subject a compo-
sition comprising a recombinant polypeptide of the present
invention, thereby inducing an anti-HMW-MAA immune
response in a subject.

In another embodiment, the present invention provides a
method of inducing an immune response against an HMW-
MAA -expressing tumor in a subject, comprising administer-
ing to the subject a composition comprising a recombinant
polypeptide of the present invention, thereby inducing an
immune response against an HMW-MA A-expressing tumor.

In another embodiment, the present invention provides a
method of inducing an immune response against a pericyte in
a subject, comprising administering to the subject a compo-
sition comprising a recombinant polypeptide of the present
invention, thereby inducing an immune response against a
pericyte.

In another embodiment, the present invention provides a
method of impeding a growth and/or delaying progression of
a solid tumor in a subject, comprising administering to the
subject a composition comprising a recombinant polypeptide
of the present invention, thereby impeding a growth and/or
delaying progression of a solid tumor in a subject. In another
embodiment, the subject mounts an immune response against
a pericyte of the solid tumor. In another embodiment, the
pericyte is in a vasculature of the solid tumor. Each possibility
represents a separate embodiment of the present invention.

In another embodiment, the present invention provides a
method of treating a solid tumor in a subject, comprising
administering to the subject a composition comprising a
recombinant polypeptide of the present invention, thereby
treating a solid tumor in a subject. In another embodiment, the
subject mounts an immune response against a pericyte of the
solid tumor. In another embodiment, the pericyte is in a vas-
culature of the solid tumor. Each possibility represents a
separate embodiment of the present invention.

In another embodiment, the present invention provides a
method of impeding a vascularization of a solid tumor in a
subject, comprising administering to the subject a composi-
tion comprising a recombinant polypeptide of the present
invention, thereby impeding a vascularization of a solid
tumor in a subject. In another embodiment, the subject
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mounts an immune response against a pericyte of the solid
tumor. In another embodiment, the pericyte is in a vasculature
of the solid tumor. Each possibility represents a separate
embodiment of the present invention.

In another embodiment, the present invention provides a
method of impeding a growth and/or delaying progression of
a HMW-MAA-expressing tumor in a subject, comprising
administering to the subject a composition comprising a
recombinant polypeptide of the present invention, thereby
impeding a growth and/or delaying progression of a HMW-
MAA -expressing tumor in a subject. In another embodiment,
the subject mounts an immune response against the HMW-
MAA -expressing tumor. Each possibility represents a sepa-
rate embodiment of the present invention.

In another embodiment, the present invention provides a
method of treating a HMW-MA A-expressing tumor in a sub-
ject, comprising administering to the subject a composition
comprising a recombinant polypeptide of the present inven-
tion, thereby treating a HMW-MAA-expressing tumor in a
subject. In another embodiment, the subject mounts an
immune response against the HMW-MAA-expressing tumor.
Each possibility represents a separate embodiment of the
present invention.

In other embodiments, the recombinant polypeptide of any
of the methods described above have any of the characteris-
tics of a recombinant polypeptide of compositions of the
present invention. Each characteristic represents a separate
embodiment of the present invention.

In another embodiment of methods of the present inven-
tion, a vaccine comprising a recombinant Listeria strain of the
present invention is administered. In another embodiment, an
immunogenic composition comprising a recombinant List-
eria strain of the present invention is administered. In another
embodiment, a vaccine comprising a recombinant polypep-
tide of the present invention is administered. In another
embodiment, an immunogenic composition comprising a
recombinant polypeptide of the present invention is adminis-
tered. Each possibility represents a separate embodiment of
the present invention.

In another embodiment, the target pericyte of methods and
compositions of the present invention is an activated pericyte.
In another embodiment, the target pericyte is any other type of
pericyte known in the art. Each possibility represents a sepa-
rate embodiment of the present invention.

In another embodiment, a method or immunogenic com-
position of methods and compositions of the present inven-
tion induces a cell-mediated immune response. In another
embodiment, the immunogenic composition induces a pre-
dominantly cell-mediated immune response. In another
embodiment, the immunogenic composition induces a pre-
dominantly Th1-type immune response. Each possibility rep-
resents a separate embodiment of the present invention.

In another embodiment, the immune response elicited by
methods of the present invention is a cell-mediated immune
response. In another embodiment, the immune response is a
T-cell-mediated immune response. Each possibility repre-
sents a separate embodiment of the present invention.

The T cell-mediated immune response induced by methods
and compositions of the present invention comprises, in
another embodiment, a CTL. In another embodiment, the T
cell involved in the T cell-mediated immune response is a
CTL. Each possibility represents a separate embodiment of
the present invention.

In another embodiment, the T cell-mediated immune
response comprises a T helper cell. In another embodiment,
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the T cell involved in the T cell-mediated immune response is
aT helper cell. Each possibility represents a separate embodi-
ment of the present invention.

In another embodiment of methods of the present inven-
tion, the subject is immunized with an immunogenic compo-
sition, vector, or recombinant peptide of the present inven-
tion. In another embodiment, the subject is contacted with the
immunogenic composition, vector, or recombinant peptide.
Each possibility represents a separate embodiment of the
present invention.

In another embodiment, the present invention provides a
method of inhibiting adhesion of a cancer cell to the extra-
cellular matrix, comprising inducing an anti-HMW-MAA
immune response by a method of the present invention,
thereby inhibiting adhesion of a cancer cell to the extracellu-
lar matrix. In another embodiment, the cancer cell is a mela-
noma cell. Each possibility represents a separate embodiment
of the present invention.

In another embodiment, the present invention provides a
method of inhibiting metastasis of a tumor, comprising induc-
ing an anti-HMW-MAA immune response by a method of the
present invention, thereby inhibiting metastasis of a tumor. In
another embodiment, the tumor is a melanoma tumor. Each
possibility represents a separate embodiment of the present
invention.

In another embodiment, the present invention provides a
method of inhibiting migration of a cancer cell, comprising
inducing an anti-HMW-MAA immune response by a method
of the present invention, thereby inhibiting migration of a
cancer cell. In another embodiment, the cancer cell is a mela-
noma cell. Each possibility represents a separate embodiment
of the present invention.

In another embodiment, the present invention provides a
method of inhibiting proliferation of cells in a tumor, com-
prising inducing an anti-HMW-MAA immune response by a
method of the present invention, thereby inhibiting prolifera-
tion of cells in a tumor. In another embodiment, the tumor is
a melanoma tumor. Each possibility represents a separate
embodiment of the present invention.

In another embodiment, the present invention provides a
method of reducing invasiveness of a tumor, comprising
inducing an anti-HMW-MAA immune response by a method
of the present invention, thereby reducing invasiveness of a
tumor. In another embodiment, the tumor is a melanoma
tumor. In another embodiment, anti-HMW-MAA immune
responses inhibit formation of HMW-MAA-MT3-MMP
(membrane type metalloproteinases) complexes. In another
embodiment, inhibition of formation of these complexes
inhibits degradation of type I collagen by melanoma cells.
Each possibility represents a separate embodiment of the
present invention.

In another embodiment, the present invention provides a
method of inhibiting conversion of plasminogen into plasmin
in the vicinity of a tumor, comprising inducing an anti-HMW-
MAA immune response by a method of the present invention,
thereby inhibiting conversion of plasminogen into plasmin in
the vicinity of a tumor. In another embodiment, the tumor is a
melanoma tumor. In another embodiment, inhibiting plasmin
release inhibits, in turn, degradation of the extracellular
matrix (ECM). Each possibility represents a separate
embodiment of the present invention.

In another embodiment, the present invention provides a
method of inhibiting sequestration of angiostatin in the vicin-
ity of a tumor, comprising inducing an anti-HMW-MAA
immune response by a method of the present invention,
thereby inhibiting sequestration of angiostatin in the vicinity
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of a tumor. In another embodiment, the tumor is a melanoma
tumor. Each possibility represents a separate embodiment of
the present invention.

In another embodiment, a peptide of the present invention
is homologous to a peptide enumerated herein. The terms
“homology,” “homologous,” etc, when in reference to any
protein or peptide, refer, in one embodiment, to a percentage
of amino acid residues in the candidate sequence that are
identical with the residues of a corresponding native polypep-
tide, after aligning the sequences and introducing gaps, if
necessary, to achieve the maximum percent homology, and
not considering any conservative substitutions as part of the
sequence identity. Methods and computer programs for the
alignment are well known in the art.

Homology is, in another embodiment, determined by com-
puter algorithm for sequence alignment, by methods well
described in the art. For example, computer algorithm analy-
sis of nucleic acid sequence homology can include the utili-
zation of any number of software packages available, such as,
for example, the BLAST, DOMAIN, BEAUTY (BLAST
Enhanced Alignment Utility), GENPEPT and TREMBL
packages.

In another embodiment, “homology” or “homologous”
refers to identity to a non-HMW-MAA sequence selected
from SEQ ID No: 1-14 of greater than 70%. In another
embodiment, “homology” refers to identity to a sequence
selected from SEQ ID No: 1-14 of greater than 72%. In
another embodiment, “homology” refers to identity to one of
SEQ ID No: 1-14 of greater than 75%. In another embodi-
ment, “homology” refers to identity to a sequence selected
from SEQ ID No: 1-14 of greater than 78%. In another
embodiment, “homology” refers to identity to one of SEQ ID
No: 1-14 of greater than 80%. In another embodiment,
“homology” refers to identity to one of SEQ ID No: 1-14 of
greater than 82%. In another embodiment, “homology” refers
to identity to a sequence selected from SEQ ID No: 1-14 of
greater than 83%. In another embodiment, “homology” refers
to identity to one of SEQ ID No: 1-14 of greater than 85%. In
another embodiment, “homology” refers to identity to one of
SEQ ID No: 1-14 of greater than 87%. In another embodi-
ment, “homology” refers to identity to a sequence selected
from SEQ ID No: 1-14 of greater than 88%. In another
embodiment, “homology” refers to identity to one of SEQ ID
No: 1-14 of greater than 90%. In another embodiment,
“homology” refers to identity to one of SEQ ID No: 1-14 of
greater than 92%. In another embodiment, “homology” refers
to identity to a sequence selected from SEQ ID No: 1-14 of
greater than 93%. In another embodiment, “homology” refers
to identity to one of SEQ ID No: 1-14 of greater than 95%. In
another embodiment, “homology” refers to identity to a
sequence selected from SEQ ID No: 1-14 of greater than
96%. In another embodiment, “homology” refers to identity
to one of SEQ ID No: 1-14 of greater than 97%. In another
embodiment, “homology” refers to identity to one of SEQ ID
No: 1-14 of greater than 98%. In another embodiment,
“homology” refers to identity to one of SEQ ID No: 1-14 of
greater than 99%. In another embodiment, “homology” refers
to identity to one of SEQ ID No: 1-14 of 100%. Each possi-
bility represents a separate embodiment of the present inven-
tion.

In another embodiment, “homology” or “homologous”
refers to identity to an HMW-MAA sequence selected from
SEQ ID No: 15-16 of greater than 70%. In another embodi-
ment, “homology” refers to identity to a sequence selected
from SEQ ID No: 15-16 of greater than 72%. In another
embodiment, “homology” refers to identity to one of SEQ ID
No: 15-16 of greater than 75%. In another embodiment,
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“homology” refers to identity to a sequence selected from
SEQ ID No: 15-16 of greater than 78%. In another embodi-
ment, “homology” refers to identity to one of SEQ ID No:
15-16 of greater than 80%. In another embodiment, “homol-
ogy” refers to identity to one of SEQ ID No: 15-16 of greater
than 82%. In another embodiment, “homology” refers to
identity to a sequence selected from SEQ ID No: 15-16 of
greater than 83%. In another embodiment, “homology” refers
to identity to one of SEQ ID No: 15-16 of greater than 85%.
In another embodiment, “homology” refers to identity to one
of SEQ ID No: 15-16 of greater than 87%. In another embodi-
ment, “homology” refers to identity to a sequence selected
from SEQ ID No: 15-16 of greater than 88%. In another
embodiment, “homology” refers to identity to one of SEQ ID
No: 15-16 of greater than 90%. In another embodiment,
“homology” refers to identity to one of SEQ ID No: 15-16 of
greater than 92%. In another embodiment, “homology” refers
to identity to a sequence selected from SEQ ID No: 15-16 of
greater than 93%. In another embodiment, “homology” refers
to identity to one of SEQ ID No: 15-16 of greater than 95%.
In another embodiment, “homology” refers to identity to a
sequence selected from SEQ ID No: 15-16 of greater than
96%. In another embodiment, “homology” refers to identity
to one of SEQ ID No: 15-16 of greater than 97%. In another
embodiment, “homology” refers to identity to one of SEQ ID
No: 15-16 of greater than 98%. In another embodiment,
“homology” refers to identity to one of SEQ ID No: 15-16 of
greater than 99%. In another embodiment; “homology” refers
to identity to one of SEQ ID No: 15-16 of 100%. Each
possibility represents a separate embodiment of the present
invention.

In another embodiment, homology is determined via deter-
mination of candidate sequence hybridization, methods of
which are well described in the art (See, for example,
“Nucleic Acid Hybridization” Hames, B. D., and Higgins S.
J., Eds. (1985); Sambrook et al., 2001, Molecular Cloning, A
Laboratory Manual, Cold Spring Harbor Press, N.Y.; and
Ausubel etal., 1989, Current Protocols in Molecular Biology,
Green Publishing Associates and Wiley Interscience, N.Y). In
other embodiments, methods of hybridization are carried out
under moderate to stringent conditions, to the complement of
a DNA encoding a native caspase peptide. Hybridization
conditions being, for example, overnight incubation at 42° C.
in a solution comprising: 10-20% formamide, 5xSSC (150
mM NaCl, 15 mM trisodium citrate), S0 mM sodium phos-
phate (pH 7.6), SxDenhardt’s solution, 10% dextran sulfate,
and 20 pg/ml denatured, sheared salmon sperm DNA.

Protein and/or peptide homology for any AA sequence
listed herein is determined, in another embodiment, by meth-
ods well described in the art, including immunoblot analysis,
orvia computer algorithm analysis of AA sequences, utilizing
any of a number of software packages available, via estab-
lished methods. Some of these packages include the FASTA,
BLAST, MPsrch or Scanps packages, and, in another
embodiment, employ the use of the Smith and Waterman
algorithms, and/or globalaocal or BLOCKS alignments for
analysis. Each method of determining homology represents a
separate embodiment of the present invention.

In another embodiment of the present invention, “nucleic
acids” or “nucleotide” refers to a string of at least two base-
sugar-phosphate combinations. The term includes, in one
embodiment, DNA and RNA. “Nucleotides” refers, in one
embodiment, to the monomeric units of nucleic acid poly-
mers. RNA is, in one embodiment, in the form of a tRNA
(transfer RNA), snRNA (small nuclear RNA), rRNA (riboso-
mal RNA), mRNA (messenger RNA), anti-sense RNA, small
inhibitory RNA (siRNA), micro RNA (miRNA) and

20

25

30

35

40

45

50

55

60

65

36

ribozymes. The use of siRNA and miRNA has been described
(Caudy A A et al, Genes & Devel 16: 2491-96 and references
cited therein). DNA can be, in other embodiments, in form of
plasmid DNA, viral DNA, linear DNA, or chromosomal
DNA or derivatives of these groups. In addition, these forms
of DNA and RNA can be single, double, triple, or quadruple
stranded. The term also includes, in another embodiment,
artificial nucleic acids that contain other types of backbones
but the same bases. In one embodiment, the artificial nucleic
acid is a PNA (peptide nucleic acid). PNA contain peptide
backbones and nucleotide bases and are able to bind, in one
embodiment, to both DNA and RNA molecules. In another
embodiment, the nucleotide is oxetane modified. In another
embodiment, the nucleotide is modified by replacement of
one or more phosphodiester bonds with a phosphorothioate
bond. In another embodiment, the artificial nucleic acid con-
tains any other variant of the phosphate backbone of native
nucleic acids known in the art. The use of phosphothiorate
nucleic acids and PNA are known to those skilled in the art,
and are described in, for example, Neilsen P E, Curr Opin
Struct Biol 9:353-57; and Raz N K et al Biochem Biophys Res
Commun. 297:1075-84. The production and use of nucleic
acids is known to those skilled in art and is described, for
example, in Molecular Cloning, (2001), Sambrook and Rus-
sell, eds. and Methods in Enzymology: Methods for molecu-
lar cloning in eukaryotic cells (2003) Purchio and G. C.
Fareed. Each nucleic acid derivative represents a separate
embodiment of the present invention.

In another embodiment, the present invention provides a
kit comprising a compound or composition utilized in per-
forming a method of the present invention. In another
embodiment, the present invention provides a kit comprising
a composition, tool, or instrument of the present invention.
Each possibility represents a separate embodiment of the
present invention.

Pharmaceutical Compositions and Methods of
Administration

“Pharmaceutical composition” refers, in another embodi-
ment, to atherapeutically effective amount of the active ingre-
dient, i.e. the recombinant peptide or vector comprising or
encoding same, together with a pharmaceutically acceptable
carrier or diluent. A “therapeutically effective amount” refers,
in another embodiment, to that amount which provides a
therapeutic effect for a given condition and administration
regimen.

The pharmaceutical compositions containing the active
ingredient can be, in another embodiment, administered to a
subject by any method known to a person skilled in the art,
such as parenterally, transmucosally, transdermally, intra-
muscularly, intravenously, intra-dermally, subcutaneously,
intra-peritonealy, intra-ventricularly, intra-cranially, intra-
vaginally, or intra-tumorally.

In another embodiment of methods and compositions of
the present invention, the pharmaceutical compositions are
administered orally, and are thus formulated in a form suit-
able for oral administration, i.e. as a solid or a liquid prepa-
ration. Suitable solid oral formulations include tablets, cap-
sules, pills, granules, pellets and the like. Suitable liquid oral
formulations include solutions, suspensions, dispersions,
emulsions, oils and the like. In another embodiment of the
present invention, the active ingredient is formulated in a
capsule. In accordance with this embodiment, the composi-
tions of the present invention comprise, in addition to the
active compound and the inert carrier or diluent, a hard gelat-
ing capsule.
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In another embodiment, the pharmaceutical compositions
are administered by intravenous, intra-arterial, or intra-mus-
cular injection of a liquid preparation. Suitable liquid formu-
lations include solutions, suspensions, dispersions, emul-
sions, oils and the like. In another embodiment, the
pharmaceutical compositions are administered intravenously
and are thus formulated in a form suitable for intravenous
administration. In another embodiment, the pharmaceutical
compositions are administered intra-arterially and are thus
formulated in a form suitable for intra-arterial administration.
In another embodiment, the pharmaceutical compositions are
administered intra-muscularly and are thus formulated in a
form suitable for intra-muscular administration.

In another embodiment, the pharmaceutical compositions
are administered topically to body surfaces and are thus for-
mulated in a form suitable for topical administration. Suitable
topical formulations include gels, ointments, creams, lotions,
drops and the like. For topical administration, the recombi-
nant peptide or vector is prepared and applied as a solution,
suspension, or emulsion in a physiologically acceptable dilu-
ent with or without a pharmaceutical carrier.

In another embodiment, the active ingredient is delivered
in a vesicle, e.g. a liposome.

In other embodiments, carriers or diluents used in methods
of'the present invention include, but are not limited to, a gum,
a starch (e.g. corn starch, pregeletanized starch), a sugar (e.g.,
lactose, mannitol, sucrose, dextrose), a cellulosic material
(e.g. microcrystalline cellulose), an acrylate (e.g. polymethy-
lacrylate), calcium carbonate, magnesium oxide, talc, or mix-
tures thereof.

In other embodiments, pharmaceutically acceptable carri-
ers for liquid formulations are aqueous or non-aqueous solu-
tions, suspensions, emulsions or oils. Examples of non-aque-
ous solvents are propylene glycol, polyethylene glycol, and
injectable organic esters such as ethyl oleate. Aqueous carri-
ers include water, alcoholic/aqueous solutions, emulsions or
suspensions, including saline and buffered media. Examples
of oils are those of animal, vegetable, or synthetic origin, for
example, peanut oil, soybean oil, olive oil, sunflower oil,
fish-liver oil, another marine oil, or a lipid from milk or eggs.

In another embodiment, parenteral vehicles (for subcuta-
neous, intravenous, intraarterial, or intramuscular injection)
include sodium chloride solution, Ringer’s dextrose, dextrose
and sodium chloride, lactated Ringer’s and fixed oils. Intra-
venous vehicles include fluid and nutrient replenishers, elec-
trolyte replenishers such as those based on Ringer’s dextrose,
and the like. Examples are sterile liquids such as water and
oils, with or without the addition of a surfactant and other
pharmaceutically acceptable adjuvants. In general, water,
saline, aqueous dextrose and related sugar solutions, and
glycols such as propylene glycols or polyethylene glycol are
preferred liquid carriers, particularly for injectable solutions.
Examples of oils are those of animal, vegetable, or synthetic

HMW-MAA-A:
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origin, for example, peanut oil, soybean oil, olive oil, sun-
flower oil, fish-liver oil, another marine oil, or a lipid from
milk or eggs.

In another embodiment, the pharmaceutical compositions
provided herein are controlled-release compositions, i.e.
compositions in which the active ingredient is released over a
period of time after administration. Controlled- or sustained-
release compositions include formulation in lipophilic depots
(e.g. fatty acids, waxes, oils). In another embodiment, the
composition is an immediate-release composition, i.e. a com-
position in which all the active ingredient is released imme-
diately after administration.

EXPERIMENTAL DETAILS SECTION
Example 1

Construction of LLO-HMW-MAA Constructs and
Listeria Strains Expressing Same

LLO-HMW-MAA constructs were created as follows:

pGG-55, the precursor of the LLO-HMW-MAA con-
structs, was created from pAM401, a shuttle vector able to
replicate in both gram-negative and gram-positive bacteria
(WirthR et al, ] Bacteriol, 165: 831, 1986). pAM401 contains
a gram-positive chloramphenicol resistance gene and gram
negative tetracycline resistance determinant. In pGG-55, the
hly promoter drives the expression of the first 441 AA of the
hly gene product, (lacking the hemolytic C-terminus, having
the sequence set forth in SEQ ID No: 3), which is joined by
the Xhol site to the E7 gene, yielding a hly-E7 fusion gene
that is transcribed and secreted as LLO-E7.

Generation of pGG-55: A fusion of a listeriolysin fragment
to E7 (“LLO-E7”) and the pluripotential transcription factor
prfA were subcloned in pAM401 as follows: The DNA frag-
ment encoding the first 420 AA of LLO and its promoter and
upstream regulatory sequences was PCR amplified with LM
genomic DNA used as a template and ligated into pUC19.
PCR primers used were 5'-GGCCCGGGCCCCCTC-
CTTTGAT-3' (SEQ ID No: 17) and 5-GGTCTAGATCAT-
AATTTACTTCATCC-3' (SEQID No: 18). E7 was amplified
by PCR using the primers 5'-GGCTCGAGCATGGAGATA-
CACC-3' (SEQ ID No: 19; Xhol site is underlined) and
5'-GGGGACTAGTTTATGGTTTCTGAGAACA-3' (SEQ
1D No: 20; Spel site is underlined) and ligated into pCR2.1
(Invitrogen, San Diego, Calif.). E7 was excised from pCR2.1
by Xhol/Spel digestion and subsequently ligated as an in-
frame translational fusion into pUC19-hly downstream of the
hemolysin gene fragment. The fusion was then subcloned
into the multilinker of pAM401. The prfA gene was then
subcloned into the Sall site of the resulting plasmid, yielding
pGG-55 (FIG. 1).

pGG34A, B and C were created from pGG-55 as follows:

HMW-MAA fragments A, B, and C (encoding AA 360-
554,701-1130, and 2160-2258, respectively, FIG. 1) have the
following sequences:

(SEQ ID No: 21)

Ttcaatggccagaggegggggetgegggaagetttgetgacgegcaacatggcagecggetgecaggetggaggaggaggagtatgag

gacgatgcctatggacattatgaagetttetecacectggecectgaggettggecagecatggagetgectgagecatgegtgectgagecagggety

cctectgtetttgecaatttecacccagetgetgactatecageccactggtggtggeegaggggggcacagectggettgagtggaggeatgtgeagece

acgctggacctgatggaggetgagetgegecaaateccaggtgetgttecagegtgaccegaggggcacgecatggegagetegagetggacateceg

ggagcccaggcacgaaaaatgttceaccectectggacgtggtgaacegecaaggecegettecatecacgatggetetgaggacacctecgaccagetggt

getggaggtgteggtgacggetegggtgeccatgeecteatgectteggaggggecaaacatacctectgeccatecaggtcaacectgtcaatgaccee
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-continued

accccac.

HMW-MAA-B:

(SEQ ID No: 22)

Gtcegegtcactggggecctgeagttttggggagetgcagaaacacggggcaggtggggtggagggtgetgagtggtgggecacacagg
cgttecaccagegggatgtggageagggecgegtgaggtacctgageactgacccacageaccacgcettacgacacegtggagaacctggecctygg
aggtgcaggtgggccaggagatectgagecaatetgtectteccagtgaccateccagagagecactgtgtggatgetgeggetggagecactgecacact
cagaacacccagcaggagaccctecaccacageccacctggaggecaccectggaggaggcaggeccaagecccccaaccttecattatgaggtggtt
caggctcccaggaaaggcaaccttecaactacagggcacaaggetgtecagatggecagggettcacccaggatgacatacaggetggecgggtgaccet
attggggccacagcacgtgectcagaggcagtegaggacacctteegttteegtgtcacagetecaccatatttetecccactetataccttecccateca
cattggtggtgacccagatgegectgtectecaccaatgtectectegtggtgectgagggtggtgagggtgtectetetgetgaccacctetttgtcaagag
tctcaacagtgecagetacctetatgaggtcatggageggecccgecatgggaggttggettggegtgggacacaggacaagaccactatggtgacatee

ttcaccaatgaagacctgttgegtggeceggetggtetaccageatgatgactecgagaccacagaagatgatateccatttgttgetaceegecagggeyg

agagcagtggtgacatggectgggaggaggtacggggtgtettecgagtggecatecagecegtgaatgaccacgecectgtgeagaccatcagee

ggatcttecatgtggeceggggtgggeggeggetgetgactacagacgacgtggecttecagegatgetgactegggetttgetgacgeccagetggtge

ttacccgcaaggacctectetttggeagtategtggecgtagatgageccacgeggeccatetacegettecacccaggaggacctecaggaagaggega

gtactgttegtgcactcaggggctgacegtggetggatecagetgeaggtgteegacgggecaacaccaggecactgegetgetggaggtgecaggect

cggaaccctacctecegtgtggec.

HMW-MAA-C:

(SEQ ID No: 23)

Gecactgagecttacaatgetgecceggecctacagegtggeectgetcagtgteccegaggecgeceggacggaagecagggaagecag

agagcagcacccccacaggegagecaggecccatggeatecageectgagecegetgtggecaagggaggcettectgagettecttgaggecaaca

tgttcagegtcatcatecccatgtgectggtacttetgetectggegetcatectgecectgetettetaccteegaaaacgeaacaagacgggcaageat

gacgtccag.

The fragments were amplified using the following primers.
The Xhol sites in the forward primers and Xmal sites (A and
C) or Spel site (B) in the reverse primers are underlined:

A prfA negative strain of Listeria, XFL-7 (provided by Dr.
Hao Shen, University of Pennsylvania), was then transformed
with pGG34A, B and C, to select for the retention of the

40 plasmids in vivo.
Fragment A:-forward primer ExanqﬂeQ
(SEQ ID No: 24)
TCCTCGAGGTCAATGGCCAGAGGCGGGEG. .
LLO-HMW-MAA Constructs are Expressed in
45 . .
Reverse: Listeria
(SEQ ID No: 25)

CCCGGGTTACTACTTATCGTCGTCATCCTTGTAATCGTGGGGTGGGTCAT
TGAC.

Materials and Experimental Methods

Fragment B: forward: (EQ 10 No: 26) S0 Bacteria Cultivation and Harvesting
O . . . .
COOTCGAGTT CCGOGTCACTAARECCCTS . Recombinant Listeria monocytogenes (LM) expressing the
HMW-MAA fragments A, B and C fused to LL.O were grown
Reverse: overnight in BHI medium supplemented with streptomycin
(SEQ ID No: 27)

ACTAGTTTACTACTTATCGTCGTCATCCTTGTAATCGGCCACACGGAGGT
AGGGTTC.

Fragment C: Forward:

(250 ug/ml) and chloramphenicol (25 ug/ml). For induction
of'endogeneous LLO, bacteria were cultivated in the presence
01'0.2% charcoal. Culture supernatants were cleared by cen-
trifugation at 14000 rpm for 5 minutes, and 1.35 milliliters

(SEQ ID No: 28) (ml) supernatant was mixed with 0.15 ml of 100% TCA for

TGCTCEAGGCCACTGAGCCTTACAATGCTGCC . protein precipitation. After incubation on ice for 1 hour, the

R 60 solution was spun for 10 minutes, 14000 rpm. The pellet was
everse: i . .

(SEQ ID No: 29) resuspended in 45 microliter (mcL) of 1xSDS-PAGE gel

CCCGGGTTACTACTTATCGTCGTCATCCTTGTAATCCTGGACGTCATGCT
TGCCCG.

Fragments A-C were then subcloned into pGG-55, using
the Xhol site at the end of the hly sequence and the Xmal or
Spel site following the gene.

loading buffer, S mcL of 1 M DTT was added, and the sample
was heated at 75° C. for 5 minutes. 5-10 mcL of protein was
loaded into each well and run for 50 minutes at 200V using
MOPS buffer.

After transfer to PVDF membranes, membranes were
incubated with either a rabbit anti-PEST polyclonal antibody
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(1:3000), which recognizes the PEST sequence in the LL.O
protein, or with the B3-19 monoclonal antibody, which rec-
ognizes the endogenous LLO only, then incubated with HRP-
conjugated anti-rabbit antibody. Signals were detected with

SuperSignal® West Pico Chemiluminescent Substrate
(Pierce, Rockford, I1L.).

w

Results

To determine whether the LLO-HMW-MAA constructs 1°
could be expressed in Listeria, supernatant was harvested
from LM strains transformed with the LLO-HMW-MAA A,
B and C plasmids, and assayed for presence of the fusion
proteins. All three strains produced fusion proteins of the
expected sizes when probed with anti-PEST antibody (48
Kda for LLO, 75 Kda for HMW-MAA-A, 98 Kda for HMW-
MAA-B, and 62 Kda for HMW-MAA-C; FIG. 2A). Anti-
LLO antibody revealed 58 Kda band for LLO in all three
strains and controls (FIG. 2B). 20

Thus, LLO-HMW-MAA constructs are expressed in List-

eria.

Example 3
25
Listeria Strains Expressing LLO-HMW-MAA
Constructs Infect and Grow Inside Cells

Materials and Experimental Methods
30
Cell Infection Assay
Murine macrophage-like 1774 cells were infected at a MOI
(multiplicity of infection) of 1. After a 1-hour incubation,
gentamicin was added to kill extracellular Listeria, intracel-
lular Listeria was recovered every 2 hours by lysing the 1774 35
cells with water and plating serial dilutions of the lysate on
BHI plates supplemented with streptomycin (250 micro-
grams (mcg)/ml) and chloramphenicol (25 mcg/ml). Recov-
ered colonies were counted and used to determine the number
of Listeria inside J774 cells. 40

Results

To determine the growth characteristics and virulence of
Listeria strains expressing LLO-HMW-MAA constructs, the 45
growth rate of Listeria strains from the previous Example in
BHI media was measured. Each of the strains grew with
kinetics very similar to wild-type (10438) Listeria (FIG. 3A).
Next, J774 cells were incubated with the Listeria strains, and
intracellular growth was measured. Intracellular growth was 50
very similar to wild-type for each strain (FIG. 3B).

Thus, Listeria strains expressing LLO-HMW-MAA con-
structs maintain their ability to grow in media, to infect cells,
and to grow intracellularly.

55
Example 4

Vaccination with HMW-MAA-Expressing Lm
Impedes B16F0-OVA Tumor Growth
60
Materials and Experimental Methods

Measurement of Tumor Growth

Tumors were measured every second day with calipers
spanning the shortest and longest surface diameters. The 65
mean of these two measurements was plotted as the mean
tumor diameter in millimeters against various time points.

42

Mice were sacrificed when the tumor diameter reached 20
mm. Tumor measurements for each time point are shown only
for surviving mice.

Results

32 C57BL/6 mice (n=8 per group) were inoculated with
5x10° B16F0-Ova. On days 3, 10 and 17 the mice were
immunized with one of3 constructs, Lm-OVA (10° cfu), Lm-
LLO-OVA (10® cfu; positive control), and Lm-LLO-HMW-
MAA-C (10°® cfin). Despite the lack of expression of HMW-
MAA by the tumor cells, Lm-LLO-HMW-MAA-C
vaccination impeded tumor growth, significantly, but to a
lesser extent than Lm-LLO-OVA (FIGS. 4A-B). In an addi-
tional experiment, similar results were observed with all 3
Lm-LLO-HMW-MAA strains (2.5x107 cfu each of A and C;
1x10® cfu of B; FIG. 4C).

A similar experiment was performed with RENCA cells.
40 BALB/c mice (n=8 per group) were inoculated with 2x10°
RENCA tumor cells. On days 3, 10, and 17, the mice were
immunized with one of four constructs, Lm-HMW-MAA-A,
B, or C ((2.5x107 cfu each of A and C; 1x10® cfu of B), or
GGE7 (Lm-LLO-E7; 1.0x10® cfu), or were left unvaccinated
(naive). All three Lm-LLO-HMW-MAA strains impeded
tumor growth, with Lm-HMW-MAA-C exerting the stron-
gest effect (FIGS. 4D-4E).

Thus, wvaccination with HMW-MAA-expressing Lm
impedes the growth of tumors, even in the absence of expres-
sion of HMW-MAA by the tumor cells.

Example 5

Vaccination with HMW-MAA-Expressing Lm
Impedes B16F10-HMW-MAA Tumor Growth Via
Cd4+ and Cd8+ Cells

Materials and Experimental Methods

Engineering of B16 and B16F 10 Murine Tumor Cell Lines to
Express HMW-MAA

B16F10 cells were transfected with pcDNA3.1-HMW-
MAA plasmid, containing the full-length HMW-MAA
c¢DNA expressed under the control of the CMV promoter.
Stably transfected cells were selected by resistance to G418
antibiotic, and clones were subsequently grown from single
cells by limiting dilution. Selected clones were tested by flow
cytometry for HMW-MAA expression using the HMW-
MAA specific monoclonal antibody VT80.12. Based on the
flow cytometry results, BI6F10-HMW-MAA clone 7 was
selected for future experiments (FIG. 5).
CD4+ and CD8+ Depletion

32 C57BL/6 mice were inoculated with 2x10°> B16F10-
HMW-MAA/CMV7. On days 3, 10 and 17 the mice were
immunized with Lm-HMW-MAA-C (2.5x107 cfu), except
the control naive group. For CD4 and CD8 depletions, 500 pig
of GK1.5and 2.43 were giveni.p.ondays 1,2, 6 and 9, as well
as the control antibody G1. For CD25 depletion, 500 ug of
CP61 was given i.p. on days 0 and 2.
Immunization of HLA A2/K® Transgenic Mice with Lm-
HMW-MAA-B or Lm-HMW-MAA-C

HLA A2/K’ transgenic mice express a chimeric class I
molecule composed of the a1 and a2 domains of the human
A*0201 allele and the &3 domains of the mouse H-2K” class
I molecules. HLA-A2/K” transgenic mice were immunized
once with either 1.0x10® cfu of Lm-HMW-MAA-B or 2.5x
107 cfu of Lm-HMW-MAA-C. 9 days later, splenocytes were
stimulated in vitro with peptide B, (ILSNLSFPV; SEQ ID
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NO: 43; corresponds to HMW-MAA, ; ), peptide B, (LL-
FGSIVAV; SEQ ID NO: 44; corresponds to HMW-
MAA | o65.1071)s or peptide C (LILPLLFYL; SEQ ID NO: 45;
corresponds to HMW-MAA,, ;35 5546) for S hours in the pres-
ence of monensin. Cells were gated on CD8+-CD62L"" and
IFN-y intracellular staining was measured.

In a separate experiment, mice were immunized twice (day
0 and day 7) with either Lm-HMW-MAA-B or Lm-HMW-
MAA-C and splenocytes harvested on day 14 for in vitro
stimulation with fragment B1 or C of Lm-HMW-MAA.
IFN-y levels were measured using IFN-y Elispot.

Results

C57BL/6 mice (n=8 per group) were inoculated with
2x10° B16F10-HMW-MAA/CMV7. On days 3, 10 and 17,
mice were immunized with one of three constructs, Lm-
HMW-MAA-A (2.5x107 cfu), Lm-HMW-MAA-B (1x10®
cfu), Lm-HMW-MAA-C (2.5x107 cfu). The control group
was vaccinated with Lm-GGE7 (1x10® cfu). All three Lm-
HMW-MAA constructs exerted significant anti-tumor effects
(FIG. 6).

To determine the role of CD4+ and CDS8+ cells in the
anti-tumor effect of Lm-HMW-MAA, CD4+ or CD8+, cells
were depleted in C57BL/6 mice who had been innoculated
with B16F10-HMW-MAA/CMV7B and immunized on days
3, 10, and 17 with Lm-HMW-MAA-C (2.5x10 cfu). CD4+
or CD8+ depletion abrogated the efficacy of LM-HMW-
MAA-C vaccine (FIG. 7).

CD8+ T cells (2x10° cells per mouse) were purified from
the spleens of mice from each treatment group, mixed with
B16F10-HMW-MAA tumor cells (2x10° per mouse), and
then subcutaneously injected in mice (8 per group). Mice
were observed for 28 days and examined every 2 days for
tumor growth. CD8+ T cells from Lm-HMW-MAA-C-vac-
cinated mice inhibited the growth of B 16F10 HMW-MAA
tumors in vivo (FIG. 8).

Mice that had been inoculated with 2x10° B 16F10-HMW-
MAA/CMV7 and vaccinated with Lm-HMW-MAA-C as
described above and remained tumor-free after 7 weeks were
re-challenged with 2x10° B16F10-HMW-MAA cells 7
weeks after the first tumor injection. Vaccinated mice were
protected against a second challenge with B16F10-HMW-
MAA/CMV7 tumor cells (FIG. 9).

Immunization of HLA-A2/K? transgenic mice with Lm-
HMW-MAA-B and Lm-HMW-MAA-C induces detectable
immune responses against two characterized HMW-MAA
HILLA-A2 epitopes in fragments B and C both after one (FIG.
10A) or two immunizations (FIG. 10B).

HLA-A2/K® and wild-type C57B1/6 mice were immu-
nized once with Lm-HMW-MAA-B or Lm-HMW-MAA-C,
and IFN-y secretion by T cells stimulated with an HLA-A2
restricted peptide from fragment C was measured with [FN-y
Elispot. IFN-y secretion was increased in Lm-HMW-MAA-
C-immunized HLA-A2/K? transgenic mice stimulated with
Peptide C compared to unstimulated transgenic mice, com-
pared to Peptide C-stimulated non-transgenic mice and com-
pared to non-immunized transgenic and control mice (FIGS.
11A and 11B).

Thus, Lm-HMW-MAA constructs induce antigen-specific
immune responses that impede tumor growth. In addition, the
Lm-HMW-MAA constructs exhibit anti-tumor activity even
against tumors not expressing HMW-MAA.
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Example 6

Fusion oF E7 to LLO or ActA Enhances E7-Specific
Immunity and Generates Tumor-Infiltrating
E7-Specific CD8* Cells

Materials and Experimental Methods

Construction of Lm-actA-E7

Lm-actA-E7 was generated by introducing a plasmid vec-
tor pDD-1 constructed by modifying pDP-2028 into LM.
pDD-1 comprises an expression cassette expressing a copy of
the 310 bp hly promoter and the hly signal sequence (ss),
which drives the expression and secretion of actA-E7; 1170
bp of the actA gene that comprises 4 PEST sequences (SEQ
ID NO: 5) (the truncated ActA polypeptide consists of the first
390 AA of the molecule, SEQ ID NO: 4); the 300 bp HPV E7
gene; the 1019 bp prfA gene (controls expression of the
virulence genes); and the CAT gene (chloramphenicol resis-
tance gene) for selection of transformed bacteria clones.

pDD-1 was created from pDP2028 (encoding ALLO-NP),
which was in turn created from pDP1659 as follows:

Construction of pDP1659: The DNA fragment encoding
the first 420 AA of LLO and its promoter and upstream
regulatory sequences was PCR amplified with LM genomic
DNA used as a template and ligated into pUC19. PCR primers
used were 5'-GGCCCGGGCCCCCTCCTTTGAT-3' (SEQ
ID No: 30) and 5'-GGTCTAGATCATAATTTACTTCATCC-
3' (SEQ ID No: 31). The DNA fragment encoding NP was
similarly PCR amplified from linearized plasmid pAPR501
(obtained from Dr. Peter Palese, Mt. Sinai Medical School,
New York) and subsequently ligated as an in-frame transla-
tional fusion into pUC19 downstream of the hemolysin gene
fragment. PCR primers used were 5'-GGTCTAGAGAATTC-
CAGCAAAAGCAG-3' (SEQ ID No: 32) and 5-GGGTC-
GACAAGGGTATTTTTCTTTAAT-3' (SEQID No: 33). The
fusion was then subcloned into the EcoRV and Sall sites of
pAMA401. Plasmid pDP2028 was constructed by subcloning
the prfA gene into the Sall site of pDP1659.

pDD-1 was created from pDP-2028 (Lm-LLO-NP) as fol-
lows:

Thehly promoter (pHly) and gene fragment (441 AA) were
PCR amplified from pGGS5 using primer 5'-GGGGTCTA-
GACCTCCTTTGATTAGTATATTC-3' (Xbal site is under-
lined; SEQ ID NO: 34) and primer 5-ATCTTCGCTATCT-
GTCGCCGCGGCGCGTGCTTCAGTTTGTTGCGC-"3
(Not I site is underlined. The first 18 nucleotides are the ActA
gene overlap; SEQ ID NO: 35). The actA gene was PCR
amplified from the LM 10403s wildtype genome using
primer 5-GCGCAACAAACTGAAGCAGCGGCCGCG-
GCGACAGATAGCGAAGAT-3"' (Notl site is underlined;
SEQ ID NO: 36) and primer 5-TGTAGGTGTATCTCCAT-
GCTCGAGAGCTAGGCGATCAATTTC-3' (Xhol site is
underlined; SEQ ID NO: 37). The E7 gene was PCR ampli-
fied from pGGS5S using primer 5-GGAATTGATCGC-
CTAGCTCTCGAGCATGGAGATACACCTACA-3' (Xhol
site is underlined; SEQ ID NO: 38) and primer 5'-AAACG-
GATTTATTTAGATCCCGGGTTATG-
GTTTCTGAGAACA-3' (Xmal site is underlined; SEQ ID
NO: 39). The prfA gene was PCR amplified from the LM
10403s wild-type genome using primer 5'-TGTTCTCA-
GAAACCATAACCCGGGATCTAAATAAATCCGTTT-3'
(Xmal site is underlined; SEQ ID NO: 40) and primer
5'-GGGGGTCGACCAGCTCTTCTTGGTGAAG-3" (Sall
site is underlined; SEQ ID NO: 41). The hly promoter-actA
gene fusion (pHly-actA) was PCR generated and amplified
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from purified pHly and actA DNA using the upstream pHly
primer (SEQ ID NO: 34) and downstream actA primer (SEQ
1D NO: 37).

The E7 gene fused to the prfA gene (E7-prfA) was PCR
generated and amplified from purified E7 and prfA DNA
using the upstream E7 primer (SEQ ID NO: 38) and down-
stream prfA gene primer (SEQ ID NO: 41).

The pHly-actA fusion product fused to the E7-prfA fusion
product was PCR generated and amplified from purified
fused pHly-actA and E7-prfA DNA products using the
upstream pHly primer (SEQ ID NO: 34) and downstream
prfA gene primer (SEQ ID NO: 41) and ligated into pCRII
(Invitrogen, La Jolla, Calif.). Competent £. coli (TOP10'F,
Invitrogen, La Jolla, Calif.) were transformed with pCRII-
ActAE7. After lysis and isolation, the plasmid was screened
by restriction analysis using BamHI (expected fragment sizes
770 and 6400 bp) and BstXI (expected fragment sizes 2800
and 3900) and screened by PCR using the above-described
upstream pHly primer and downstream prfA gene primer.

The pHly-ActA-E7-PrfA DNA insert was excised from
pCRII by Xbal/Sall digestion with and ligated into Xba 1/Sal
I digested pDP-2028. After transforming TOP10'F competent
E. coli (Invitrogen, La Jolla, Calif.) with expression system
pHly-ActA-E7, chloramphenicol resistant clones were
screened by PCR analysis using the above-described
upstream pHly primer and downstream prfA gene primer. A
clone containing pHly-ActA-E7 was amplified, and midiprep
DNA was isolated (Promega, Madison, Wis). XFL-7 was
transformed with pHly-ActA-E7, and clones were selected
for the retention of the plasmid in vivo. Clones were grown in
brain heart infusion medium (Difco, Detroit, Mich.) with 20
mcg (microgram)/ml (milliliter) chloramphenicol at 37° C.
Bacteria were frozen in aliquots at -80° C.

In vivo Experiments

500 mcL, of MATRIGEL®, containing 100 mcL, of phos-
phate buffered saline (PBS) with 2x10°> TC-1 tumor cells,
plus 400 mcL of Matrigel® (BD Biosciences, Franklin Lakes,
N.J.) were implanted subcutaneously on the left flank of 12
C57BL/6 mice (n=3). Mice were immunized intraperito-
neally on day 7, 14 and 21, and spleens and tumors were
harvested on day 28. Tumor Matrigels were removed from the
mice and incubated at 4° C. overnight in tubes containing 2 ml
RP 10 medium on ice. Tumors were minced.with forceps, cut
into 2 mm blocks, and incubated at 37° C. for 1 hour with 3 ml
of enzyme mixture (0.2 mg/ml collagenase-P, 1 mg/ml
DNAse-1 in PBS). The tissue suspension was filtered through
nylon mesh and washed with 5% fetal bovine serum+0.05%
of NaNj in PBS for tetramer and IFN-gamma staining.

Splenocytes and tumor cells were incubated with 1 micro-
mole (mcm) E7 peptide for 5 hours in the presence of brefel-
din A at 107 cells/ml. Cells were washed twice and incubated
in 50 mcL of anti-mouse Fc receptor supernatant (2.4 G2) for
1 hour or overnight at 4° C. Cells were stained for surface
molecules CD8 and CD62L, permeabilized, fixed using the
permeabilization kit Golgi-stop® or Golgi-Plug® (Pharmin-
gen, San Diego, Calif.), and stained for [FN-gamma. 500,000
events were acquired using two-laser flow cytometer FACS-
Calibur and analyzed using Cellquest Software (Becton
Dickinson, Franklin Lakes, N.J.). Percentages of IFN-gamma
secreting cells within the activated (CD62L.°™) CD8* T cells
were calculated.

For tetramer staining, H-2D” tetramer was loaded with
phycoerythrin (PE)-conjugated E7 peptide (RAHYNIVTE,
SEQ ID NO: 42), stained at rt for 1 hour, and stained with
anti-allophycocyanin (APC) conjugated MEL-14 (CD62L)
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and FITC-conjugated CDS8p at 4° C. for 30 min. Cells were
analyzed comparing tetramer* CD8* CD62L"" cells in the
spleen and in the tumor.

Results

To analyze the ability of LL.O and ActA fusions to enhance
antigen specific immunity, mice were implanted with TC-1
tumor cells and immunized with either Lm-LLO-E7 (1x10”
CFU), Lm-E7 (1x10° CFU), or Lm-ActA-E7 (2x10® CFU),
orwere untreated (naive). Tumors of mice from the Lm-LLO-
E7 and Lm-ActA-E7 groups contained a higher percentage of
TFN-gamma-secreting CD8" T cells (FIG. 12) and tetramer-
specific CD8™ cells (FIG. 13) than in mice administered Lm-
E7 or naive mice. Thus, Lm-LLO-E7 and Lm-ActA-E7 are
both efficacious at induction of tumor-infiltrating CD8* T
cells and tumor regression. Accordingly, LLO and ActA
fusions are effective in methods and compositions of the
present invention.

Example 7

Fusion to a PEST-Like Sequence Enhances
E7-Specific Immunity

Materials and Experimental Methods

Constructs

Lm-PEST-E7, a Listeria strain identical to Lm-LLO-E7,
except that it contains only the promoter and the first 50 AA
of the LLO, was constructed as follows:

The hly promoter and PEST regions were fused to the
full-length E7 gene by splicing by overlap extension (SOE)
PCR. The E7 gene and the hly-PEST gene fragment were
amplified from the plasmid pGG-55, which contains the first
441 amino acids of LLO, and spliced together by conven-
tional PCR techniques. pVS16.5, the hly-PEST-E7 fragment
and the LM transcription factor prfA were subcloned into the
plasmid pAM401. The resultant plasmid was used to trans-
form XFL-7.

Lm-E7,,, is a recombinant strain that secretes E7 without
the PEST region or an LLO fragment. The plasmid used to
transform this strain contains a gene fragment of the hly
promoter and signal sequence fused to the E7 gene. This
construct differs from the original L m-E7, which expressed a
single copy of the E7 gene integrated into the chromosome.
Lm-E7,, is completely isogenic to Lm-LLO-E7 and Lm-
PEST-E7, except for the form of the E7 antigen expressed.

Recombinant strains were grown in brain heart infusion
(BHI) medium with chloramphenicol (20 mcg/mlL.). Bacteria
were frozen in aliquots at -80° C.

Results

To test the effect on antigenicity of fusion to a PEST-like
sequence, the LLLO PEST-like sequence was fused to E7.
Tumor regression studies were performed, as described for
Example 1, in parallel with Listeria strain expressing L.LO-
E7 and E7 alone. Lm-LLO-E7 and Lm-PEST-E7 caused the
regression & and % established tumors, respectively (FIG.
14). By contrast, Lm-E7epi only caused tumor regression in
14 mice. A statistically significant difference in tumor sizes
was observed between tumors treated with PEST-containing
constructs (Lm-LLO-E7 or Lm-PEST-E7) and those treated
with Lm-E7epi (Student’s t test).

To compare the levels of E7-specific lymphocytes gener-
ated by the vaccines in the spleen, spleens were harvested on
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day 21 and stained with antibodies to CD62L, CD8, and the
E7/Db tetramer. Lm-E7,, induced low levels of B7 tetramer-
positive activated CD8" T cells in the spleen, while Lm-
PEST-E7 and Lm-LLO-E7 induced 5 and 15 times more cells,
respectively (FIG. 15A), a result that was reproducible over 3
separate experiments. Thus, fusion to PEST-like sequences
increased induction of tetramer-positive splenocytes. The
mean and SE of data obtained from the 3 experiments (FIG.
15B) demonstrate the significant increase in tetramer-positive
CDB8* cells by Lm-LLO-E7 and Lm-PEST-E7 overLm-E7epi
(P<0.05 by Student’s t test). Similarly, the number of tumor-
infiltrating antigen-specific CD8* T cells was higher in mice
vaccinated with Lm-LLO-E7 and Lm-PEST-E7, reproduc-
ibly over 3 experiments (FIG. 16A-B). Average values of
tetramer-positive CD8" TILs were significantly higher for
Lm-LLO-E7 than Lm-E7epi (P<0.05; Student’s t test.

Thus, PEST-like sequences confer increased immunoge-
nicity to antigens.

Example 8

Enhancement of Immunogenicity by Fusion of an
Antigen to LLO Does Not Require a Listeria Vector

Materials and Experimental Methods

Construction of Vac-SigE7Lamp

The WR strain of vaccinia was used as the recipient, and the
fusion gene was excised from the Listerial plasmid and
inserted into pSC11 under the control of the p75 promoter.
This vector was chosen because it is the transfer vector used
for the vaccinia constructs Vac-SigE7Lamp and Vac-E7 and
therefore allowed direct comparison with Vac-LLO-E7. In
this way all 3 vaccinia recombinants were expressed under
control of the same early/late compound promoter p7.5. In
addition, SC11 allows the selection of recombinant viral
plaques to TK selection and beta-galactosidase screening.
FIG. 17 depicts the various vaccinia constructs used in these
experiments. Vac-SigE7Lamp is a recombinant vaccinia virus
that expressed the E7 protein fused between lysosomal asso-
ciated membrane protein (LAMP-1) signal sequence and
sequence from the cytoplasmic tail of LAMP-1.
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The following modifications were made to allow expres-
sion of the gene product by vaccinia: (a) the T5XT sequence
that prevents early transcription by vaccinia was removed
from the 5' portion of the LLO-E7 sequence by PCR; and (b)
an additional Xmal restriction site was introduced by PCR to
allow the final insertion of LLO-E7 into SC11. Successful
introduction of these changes (without loss of the original
sequence that encodes for LL.LO-E7) was verified by sequenc-
ing. The resulting pSC1 1-E7 construct was used to transfect
the TK-ve cell line CV1 that had been infected with the
wild-type vaccinia strain, WR. Cell lysates obtained from this
co-infection/transfection step contain vaccinia recombinants
that were plaque-purified 3 times. Expression of the LLO-E7
fusion product by plaque-purified vaccinia was verified by
Western blot using an antibody directed against the LLO
protein sequence. Ability of Vac-LLO-E7 to produce CD8* T
cells specific to LLO and E7 was determined using the LL.O
(91-99) and E7 (49-57) epitopes of Balb/c and C57/BL6
mice, respectively. Results were confirmed in a chromium
release assay.

Results

To determine whether enhancement of immunogenicity by
fusion of an antigen to LLO requires a Listeria vector, a
vaccinia vector expressing E7 as a fusion protein with a
non-hemolytic truncated form of LLO was constructed.
Tumor rejection studies were performed with TC-1 as
described in above Examples, but initiating treatment when
the tumors were 3 mm in diameter (FIG. 18). By day 76, 50%
of'the Vac-LLLO-E7 treated mice were tumor free, while only
25% of the Vac-SigE7Lamp mice were tumor free. In other
experiments, [.L.O-antigen fusions were shown to be more
immunogenic than E7 peptide mixed with SBAS2 or unm-
ethylated CpG oligonucleotides in a side-by-side compari-
son.

These results show that (a) LLO-antigen fusions are immu-
nogenic not only in the context of Listeria, but also in other
contexts; and (b) the immunogenicity of LL.O-antigen fusions
compares favorably with other vaccine approaches known to
be efficacious.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 45

<210> SEQ ID NO 1

<211> LENGTH: 529

<212> TYPE: PRT

<213> ORGANISM: Listeria monocytogenes

<400> SEQUENCE: 1

Phe Ile Thr

10

Met Lys Lys Ile Met Val Leu Ile

1 5

Leu

Pro Ile Ala Gln Gln Thr Glu Ala Lys Ala Ser

25

Asp

Ala
40

Glu Asn Ser Ile Ser Ser Met Pro Pro Ala Ser

35 45
Ala Glu

60

Pro Lys Thr Pro Ile Glu His

50

Lys
55

Lys Asp

Val
75

Ile Gln
65

Gly Leu Asp Tyr Asn Asn Asn Leu

70

Lys

Leu

Ala

Pro

Ile

Val

Val

Phe

Pro

Asp

Tyr

Ser Leu

15

Asn Lys

Ala Ser

Lys Tyr

His Gly

80
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50

Asp

Glu

Ala

Ala

Leu

145

Met

Asn

Tyr

Glu

Phe

225

Glu

Asn

Ala

Pro

Lys

305

Ala

Ile

Lys

Ile

Ile

385

Lys

Gly

Ile

Gln

Thr

465

Ala

Asp

Ala

Tyr

Asp

Leu

130

Pro

Thr

Val

Ala

Met

210

Lys

Gly

Val

Val

Pro

290

Leu

Ala

Ile

Asp

Leu

370

Ala

Asn

Lys

Ser

His

450

Ser

Lys

Asp

Val

Ile

Ile

115

Val

Val

Asn

Asn

Gln

195

Ala

Ala

Lys

Asn

Thr

275

Ala

Ser

Val

Lys

Glu

355

Lys

Tyr

Asn

Ile

Trp

435

Lys

Ser

Glu

Arg

Thr

Val

100

Gln

Lys

Lys

Gln

Asn

180

Ala

Tyr

Val

Met

Val

260

Lys

Tyr

Thr

Ser

Asn

340

Val

Lys

Thr

Ser

Asn

420

Asp

Asn

Ile

Cys

Asn
500

Asn

85

Val

Val

Ala

Arg

Asp

165

Ala

Tyr

Ser

Asn

Gln

245

Asn

Glu

Ile

Asn

Gly

325

Ser

Gln

Gly

Thr

Glu

405

Ile

Glu

Trp

Tyr

Thr

485

Leu

Val

Glu

Val

Asn

Asp

150

Asn

Val

Pro

Glu

Asn

230

Glu

Glu

Gln

Ser

Ser

310

Lys

Ser

Ile

Ala

Asn

390

Tyr

Asp

Val

Ser

Leu

470

Gly

Pro

Pro

Lys

Asn

Ser

135

Ser

Lys

Asn

Asn

Ser

215

Ser

Glu

Pro

Leu

Ser

295

His

Ser

Phe

Ile

Thr

375

Phe

Ile

His

Asn

Glu

455

Pro

Leu

Leu

Pro

Lys

Ala

120

Glu

Leu

Ile

Thr

Val

200

Gln

Leu

Val

Thr

Gln

280

Val

Ser

Val

Lys

Asp

360

Phe

Leu

Glu

Ser

Tyr

440

Asn

Gly

Ala

Val

Arg

Lys

105

Ile

Leu

Thr

Val

Leu

185

Ser

Leu

Asn

Ile

Arg

265

Ala

Ala

Thr

Ser

Ala

345

Gly

Asn

Lys

Thr

Gly

425

Asp

Asn

Asn

Trp

Lys
505

Lys

90

Lys

Ser

Val

Leu

Val

170

Val

Ala

Ile

Val

Ser

250

Pro

Leu

Tyr

Lys

Gly

330

Val

Asn

Arg

Asp

Thr

410

Gly

Pro

Lys

Ala

Glu

490

Asn

Gly

Ser

Ser

Glu

Ser

155

Lys

Glu

Lys

Ala

Asn

235

Phe

Ser

Gly

Gly

Val

315

Asp

Ile

Leu

Glu

Asn

395

Ser

Tyr

Glu

Ser

Arg

475

Trp

Arg

Tyr

Ile

Leu

Asn

140

Ile

Asn

Arg

Ile

Lys

220

Phe

Lys

Arg

Val

Arg

300

Lys

Val

Tyr

Gly

Thr

380

Glu

Lys

Val

Gly

Lys

460

Asn

Trp

Asn

Lys

Asn

Thr

125

Gln

Asp

Ala

Trp

Asp

205

Phe

Gly

Gln

Phe

Asn

285

Gln

Ala

Glu

Gly

Asp

365

Pro

Leu

Ala

Ala

Asn

445

Leu

Ile

Arg

Ile

Asp

Gln

110

Tyr

Pro

Leu

Thr

Asn

190

Tyr

Gly

Ala

Ile

Phe

270

Ala

Val

Ala

Leu

Gly

350

Leu

Gly

Ala

Tyr

Gln

430

Glu

Ala

Asn

Thr

Ser
510

Gly

95

Asn

Pro

Asp

Pro

Lys

175

Glu

Asp

Thr

Ile

Tyr

255

Gly

Glu

Tyr

Phe

Thr

335

Ser

Arg

Val

Val

Thr

415

Phe

Ile

His

Val

Val

495

Ile

Asn

Asn

Gly

Val

Gly

160

Ser

Lys

Asp

Ala

Ser

240

Tyr

Lys

Asn

Leu

Asp

320

Asn

Ala

Asp

Pro

Ile

400

Asp

Asn

Val

Phe

Tyr

480

Ile

Trp
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Gly Thr Thr Leu Tyr Pro Lys Tyr Ser Asn Lys Val Asp Asn Pro Ile

Glu

515

<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Lys Lys Ile

1

Pro

Glu

Pro

Ile

65

Asp

Glu

Ala

Ala

Leu

145

Met

Asn

Tyr

Glu

Phe

225

Glu

Asn

Ala

Pro

Lys

305

Ala

Ile

Ile

Asn

Lys

50

Gln

Ala

Tyr

Asp

Leu

130

Pro

Thr

Val

Ala

Met

210

Lys

Gly

Val

Val

Pro

290

Leu

Ala

Ile

Ala

Ser

35

Thr

Gly

Val

Ile

Ile

115

Val

Val

Asn

Asn

Gln

195

Ala

Ala

Lys

Asn

Thr

275

Ala

Ser

Val

Lys

Gln

20

Ile

Pro

Leu

Thr

Val

100

Gln

Lys

Lys

Gln

Asn

180

Ala

Tyr

Val

Met

Val

260

Lys

Tyr

Thr

Ser

Asn
340

441

520

Listeria monocytogenes

2

Met

Gln

Ser

Ile

Asp

Asn

85

Val

Val

Ala

Arg

Asp

165

Ala

Tyr

Ser

Asn

Gln

245

Asn

Glu

Ile

Asn

Gly

325

Ser

Leu

Thr

Ser

Glu

Tyr

70

Val

Glu

Val

Asn

Asp

150

Asn

Val

Ser

Glu

Asn

230

Glu

Glu

Gln

Ser

Ser

310

Lys

Ser

Val

Glu

Val

Lys

55

Asn

Pro

Lys

Asn

Ser

135

Ser

Lys

Asn

Asn

Ser

215

Ser

Glu

Pro

Leu

Ser

295

His

Ser

Phe

Phe

Ala

Ala

Lys

Lys

Pro

Lys

Ala

120

Glu

Leu

Ile

Thr

Val

200

Gln

Leu

Val

Thr

Gln

280

Val

Ser

Val

Lys

Ile

Lys

25

Pro

His

Asn

Arg

Lys

105

Ile

Leu

Thr

Val

Leu

185

Ser

Leu

Asn

Ile

Arg

265

Ala

Ala

Thr

Ser

Ala
345

Thr Leu
10

Asp Ala

Pro Ala

Ala Asp

Asn Val
75

Lys Gly
90

Lys Ser

Ser Ser

Val Glu

Leu Ser

155

Val Lys
170

Val Glu

Ala Lys

Ile Ala

Val Asn
235

Ser Phe
250

Pro Ser

Leu Gly

Tyr Gly

Lys Val
315

Gly Asp
330

Val Ile

Ile

Ser

Ser

Glu

60

Leu

Tyr

Ile

Leu

Asn

140

Ile

Asn

Arg

Ile

Lys

220

Phe

Lys

Arg

Val

Arg

300

Lys

Val

Tyr

525

Leu

Ala

Pro

45

Ile

Val

Lys

Asn

Thr

125

Gln

Asp

Ala

Trp

Asp

205

Phe

Gly

Gln

Phe

Asn

285

Gln

Ala

Glu

Gly

Val

Phe

30

Pro

Asp

Tyr

Asp

Gln

110

Tyr

Pro

Leu

Thr

Asn

190

Tyr

Gly

Ala

Ile

Phe

270

Ala

Val

Ala

Leu

Gly
350

Ser

15

Asn

Ala

Lys

His

Gly

95

Asn

Pro

Asp

Pro

Lys

175

Glu

Asp

Thr

Ile

Tyr

255

Gly

Glu

Tyr

Phe

Thr

335

Ser

Leu

Lys

Ser

Tyr

Gly

80

Asn

Asn

Gly

Val

Gly

160

Ser

Lys

Asp

Ala

Ser

240

Tyr

Lys

Asn

Leu

Asp

320

Asn

Ala
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Lys

Ile

Ile

385

Lys

Gly

Ile

Asp

Leu

370

Ala

Asn

Lys

Ser

Glu

355

Lys

Tyr

Asn

Ile

Trp
435

Val

Lys

Thr

Ser

Asn

420

Asp

Gln

Gly

Thr

Glu

405

Ile

Glu

<210> SEQ ID NO 3

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Lys Lys Ile

1

Pro

Glu

Pro

Ile

65

Asp

Glu

Ala

Ala

Leu

145

Met

Asn

Tyr

Glu

Phe

225

Glu

Asn

Ala

Ile

Asn

Lys

50

Gln

Ala

Tyr

Asp

Leu

130

Pro

Thr

Val

Ala

Met

210

Lys

Gly

Val

Val

Ala

Ser

35

Thr

Gly

Val

Ile

Ile

115

Val

Val

Asn

Asn

Gln

195

Ala

Ala

Lys

Asn

Thr
275

Gln

20

Ile

Pro

Leu

Thr

Val

100

Gln

Lys

Lys

Gln

Asn

180

Ala

Tyr

Val

Met

Val

260

Lys

416

Ile

Ala

Asn

390

Tyr

Asp

Val

Ile

Thr

375

Phe

Ile

His

Asn

Asp

360

Phe

Leu

Glu

Ser

Tyr
440

Gly

Asn

Lys

Thr

Gly

425

Asp

Asn

Arg

Asp

Thr

410

Gly

Listeria monocytogenes

3

Met

Gln

Ser

Ile

Asp

Asn

85

Val

Val

Ala

Arg

Asp

165

Ala

Tyr

Ser

Asn

Gln

245

Asn

Glu

Leu

Thr

Ser

Glu

Tyr

70

Val

Glu

Val

Asn

Asp

150

Asn

Val

Ser

Glu

Asn

230

Glu

Glu

Gln

Val

Glu

Val

Lys

55

Asn

Pro

Lys

Asn

Ser

135

Ser

Lys

Asn

Asn

Ser

215

Ser

Glu

Pro

Leu

Phe

Ala

Ala

Lys

Lys

Pro

Lys

Ala

120

Glu

Leu

Ile

Thr

Val

200

Gln

Leu

Val

Thr

Gln
280

Ile

Lys

25

Pro

His

Asn

Arg

Lys

105

Ile

Leu

Thr

Val

Leu

185

Ser

Leu

Asn

Ile

Arg

265

Ala

Thr

10

Asp

Pro

Ala

Asn

Lys

90

Lys

Ser

Val

Leu

Val

170

Val

Ala

Ile

Val

Ser

250

Pro

Leu

Leu

Glu

Asn

395

Ser

Tyr

Leu

Ala

Ala

Asp

Val

75

Gly

Ser

Ser

Glu

Ser

155

Lys

Glu

Lys

Ala

Asn

235

Phe

Ser

Gly

Gly

Thr

380

Glu

Lys

Val

Ile

Ser

Ser

Glu

60

Leu

Tyr

Ile

Leu

Asn

140

Ile

Asn

Arg

Ile

Lys

220

Phe

Lys

Arg

Val

Asp

365

Pro

Leu

Ala

Ala

Leu

Ala

Pro

45

Ile

Val

Lys

Asn

Thr

125

Gln

Asp

Ala

Trp

Asp

205

Phe

Gly

Gln

Phe

Asn
285

Leu

Gly

Ala

Tyr

Gln
430

Val

Phe

30

Pro

Asp

Tyr

Asp

Gln

110

Tyr

Pro

Leu

Thr

Asn

190

Tyr

Gly

Ala

Ile

Phe

270

Ala

Arg

Val

Val

Thr

415

Phe

Ser

15

Asn

Ala

Lys

His

Gly

95

Asn

Pro

Asp

Pro

Lys

175

Glu

Asp

Thr

Ile

Tyr

255

Gly

Glu

Asp

Pro

Ile

400

Asp

Asn

Leu

Lys

Ser

Tyr

Gly

80

Asn

Asn

Gly

Val

Gly

160

Ser

Lys

Asp

Ala

Ser

240

Tyr

Lys

Asn
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56

Pro

Lys

305

Ala

Ile

Lys

Ile

Ile

385

Lys

Pro

290

Leu

Ala

Ile

Asp

Leu

370

Ala

Asn

Ala

Ser

Val

Lys

Glu

355

Lys

Tyr

Asn

Tyr

Thr

Ser

Asn

340

Val

Lys

Thr

Ser

Ile

Asn

Gly

325

Ser

Gln

Gly

Thr

Glu
405

<210> SEQ ID NO 4

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Ala Met

1

Asn

Val

Asp

Ala

Ile

Glu

Pro

Ala

145

Lys

Asp

Ser

Val

Asp

225

Leu

Pro

Thr

Asn

50

Ile

Asp

Asn

Ala

Gly

130

Ile

Pro

Ala

Ser

Phe

210

Glu

Ile

Asp

Asp

35

Thr

Lys

Leu

Asn

Ser

115

Leu

Ala

Thr

Ser

Pro

195

Lys

Asn

Asp

Ile

20

Glu

Gly

Glu

Ile

Asn

100

Gly

Pro

Ser

Lys

Glu

180

Gln

Lys

Pro

Gln

390

Ser

Ser

310

Lys

Ser

Ile

Ala

Asn

390

Tyr

Ser

295

His

Ser

Phe

Ile

Thr

375

Phe

Ile

Val

Ser

Val

Lys

Asp

360

Phe

Leu

Glu

Ala

Thr

Ser

Ala

345

Gly

Asn

Lys

Thr

Tyr

Lys

Gly

330

Val

Asn

Arg

Asp

Thr
410

Listeria monocytogenes

4

Met

Ile

Trp

Pro

Leu

Ala

85

Asn

Ala

Ser

Ser

Val

165

Ser

Pro

Ile

Glu

Leu
245

Val

Phe

Glu

Arg

Glu

70

Met

Ser

Asp

Asp

Asp

150

Asn

Asp

Leu

Lys

Val

230

Leu

Val

Ala

Glu

Tyr

55

Lys

Leu

Glu

Arg

Ser

135

Ser

Lys

Leu

Lys

Asp

215

Lys

Thr

Phe

Ala

Glu

40

Glu

Ser

Lys

Gln

Pro

120

Ala

Glu

Lys

Asp

Ala

200

Ala

Lys

Lys

Ile

Thr

25

Lys

Thr

Asn

Glu

Thr

105

Ala

Ala

Leu

Lys

Ser

185

Asn

Gly

Ala

Lys

Thr

10

Asp

Thr

Ala

Lys

Lys

90

Glu

Ile

Glu

Glu

Val

170

Ser

Gln

Lys

Ile

Lys
250

Gly

Val

315

Asp

Ile

Leu

Glu

Asn

395

Ser

Ala

Ser

Glu

Arg

Val

75

Ala

Asn

Gln

Ile

Ser

155

Ala

Met

Gln

Trp

Val

235

Ser

Arg

300

Lys

Val

Tyr

Gly

Thr

380

Glu

Lys

Asn

Glu

Glu

Glu

60

Arg

Glu

Ala

Val

Lys

140

Leu

Lys

Gln

Pro

Val

220

Asp

Glu

Gln

Ala

Glu

Gly

Asp

365

Pro

Leu

Ala

Cys

Asp

Gln

45

Val

Asn

Lys

Ala

Glu

125

Lys

Thr

Glu

Ser

Phe

205

Arg

Lys

Glu

Val

Ala

Leu

Gly

350

Leu

Gly

Ala

Tyr

Ile

Ser

30

Pro

Ser

Thr

Gly

Ile

110

Arg

Arg

Tyr

Ser

Ala

190

Phe

Asp

Ser

Val

Tyr

Phe

Thr

335

Ser

Arg

Val

Val

Thr
415

Thr

15

Ser

Ser

Ser

Asn

Pro

95

Asn

Arg

Arg

Pro

Val

175

Asp

Pro

Lys

Ala

Asn
255

Leu

Asp

320

Asn

Ala

Asp

Pro

Ile

400

Asp

Ile

Leu

Glu

Arg

Lys

80

Asn

Glu

His

Lys

Asp

160

Ala

Glu

Lys

Ile

Gly

240

Ala
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-continued
Ser Asp Phe Pro Pro Pro Pro Thr Asp Glu Glu Leu Arg Leu Ala Leu
260 265 270
Pro Glu Thr Pro Met Leu Leu Gly Phe Asn Ala Pro Ala Thr Ser Glu
275 280 285
Pro Ser Ser Phe Glu Phe Pro Pro Pro Pro Thr Asp Glu Glu Leu Arg
290 295 300
Leu Ala Leu Pro Glu Thr Pro Met Leu Leu Gly Phe Asn Ala Pro Ala
305 310 315 320
Thr Ser Glu Pro Ser Ser Phe Glu Phe Pro Pro Pro Pro Thr Glu Asp
325 330 335
Glu Leu Glu Ile Ile Arg Glu Thr Ala Ser Ser Leu Asp Ser Ser Phe
340 345 350
Thr Arg Gly Asp Leu Ala Ser Leu Arg Asn Ala Ile Asn Arg His Ser
355 360 365
Gln Asn Phe Ser Asp Phe Pro Pro Ile Pro Thr Glu Glu Glu Leu Asn
370 375 380
Gly Arg Gly Gly Arg Pro
385 390
<210> SEQ ID NO 5
<211> LENGTH: 1170
<212> TYPE: DNA
<213> ORGANISM: Listeria monocytogenes
<400> SEQUENCE: 5
atgcgtgcga tgatggtggt tttcattact gecaattgea ttacgattaa ccccgacata 60
atatttgcag cgacagatag cgaagattct agtctaaaca cagatgaatyg ggaagaagaa 120
aaaacagaag agcaaccaag cgaggtaaat acgggaccaa gatacgaaac tgcacgtgaa 180
gtaagttcac gtgatattaa agaactagaa aaatcgaata aagtgagaaa tacgaacaaa 240
gcagacctaa tagcaatgtt gaaagaaaaa gcagaaaaag dgtccaaatat caataataac 300
aacagtgaac aaactgagaa tgcggctata aatgaagagg cttcaggagce cgaccgacca 360
gctatacaag tggagcgteg tcatccagga ttgccatcegg atagcegcage ggaaattaaa 420
aaaagaagga aagccatagc atcatcggat agtgagettyg aaagccttac ttatccggat 480
aaaccaacaa aagtaaataa gaaaaaagtg gcgaaagagt cagttgcgga tgcttctgaa 540
agtgacttag attctagcat gcagtcagca gatgagtctt caccacaacc tttaaaagca 600
aaccaacaac catttttccc taaagtattt aaaaaaataa aagatgcggyg gaaatgggta 660
cgtgataaaa tcgacgaaaa tcctgaagta aagaaagcga ttgttgataa aagtgcaggg 720
ttaattgacc aattattaac caaaaagaaa agtgaagagg taaatgcttc ggacttcccg 780
ccaccaccta cggatgaaga gttaagactt getttgccag agacaccaat gecttettggt 840
tttaatgcte ctgctacatc agaaccgage tcattcgaat ttccaccacce acctacggat 900
gaagagttaa gacttgcttt gccagagacg ccaatgette ttggttttaa tgctcctget 960
acatcggaac cgagctcgtt cgaatttcca ccgcctccaa cagaagatga actagaaatc 1020
atccgggaaa cagcatccte gcectagattct agttttacaa gaggggattt agctagtttg 1080
agaaatgcta ttaatcgcca tagtcaaaat ttctctgatt tcccaccaat cccaacagaa 1140
gaagagttga acgggagagg cggtagacca 1170

<210> SEQ ID NO 6
<211> LENGTH: 32
<212> TYPE:
<213> ORGANISM: Listeria monocytogenes

PRT
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-continued

60

<400> SEQUENCE: 6

Lys Glu Asn Ser Ile Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala
1 5 10 15

Ser Pro Lys Thr Pro Ile Glu Lys Lys His Ala Asp Glu Ile Asp Lys
20 25 30

<210> SEQ ID NO 7

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Listeria monocytogenes

<400> SEQUENCE: 7

Lys Glu Asn Ser Ile Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala
1 5 10 15

Ser Pro Lys

<210> SEQ ID NO 8

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Listeria monocytogenes

<400> SEQUENCE: 8

Lys Thr Glu Glu Gln Pro Ser Glu Val Asn Thr Gly Pro Arg
1 5 10

<210> SEQ ID NO 9

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Listeria monocytogenes

<400> SEQUENCE: 9

Lys Ala Ser Val Thr Asp Thr Ser Glu Gly Asp Leu Asp Ser Ser Met
1 5 10 15

Gln Ser Ala Asp Glu Ser Thr Pro Gln Pro Leu Lys
20 25

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Listeria monocytogenes

<400> SEQUENCE: 10

Lys Asn Glu Glu Val Asn Ala Ser Asp Phe Pro Pro Pro Pro Thr Asp
1 5 10 15

Glu Glu Leu Arg
20

<210> SEQ ID NO 11

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Listeria monocytogenes

<400> SEQUENCE: 11

Arg Gly Gly Ile Pro Thr Ser Glu Glu Phe Ser Ser Leu Asn Ser Gly
1 5 10 15

Asp Phe Thr Asp Asp Glu Asn Ser Glu Thr Thr Glu Glu Glu Ile Asp
20 25 30

Arg

<210> SEQ ID NO 12
<211> LENGTH: 19
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-continued

<212> TYPE: PRT
<213> ORGANISM: Listeria seeligeri

<400> SEQUENCE: 12

Arg Ser Glu Val Thr Ile Ser Pro Ala Glu Thr Pro Glu Ser Pro Pro
1 5 10 15

Ala Thr Pro

<210> SEQ ID NO 13

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Streptococcus pyogenes

<400> SEQUENCE: 13

Lys Gln Asn Thr Ala Ser Thr Glu Thr Thr Thr Thr Asn Glu Gln Pro
1 5 10 15

Lys

<210> SEQ ID NO 14

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Streptococcus equisimilis

<400> SEQUENCE: 14

Lys Gln Asn Thr Ala Asn Thr Glu Thr Thr Thr Thr Asn Glu Gln Pro
1 5 10 15

Lys

<210> SEQ ID NO 15

<211> LENGTH: 2322

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

Met Gln Ser Gly Arg Gly Pro Pro Leu Pro Ala Pro Gly Leu Ala Leu
1 5 10 15

Ala Leu Thr Leu Thr Met Leu Ala Arg Leu Ala Ser Ala Ala Ser Phe
20 25 30

Phe Gly Glu Asn His Leu Glu Val Pro Val Ala Thr Ala Leu Thr Asp
35 40 45

Ile Asp Leu Gln Leu Gln Phe Ser Thr Ser Gln Pro Glu Ala Leu Leu
50 55 60

Leu Leu Ala Ala Gly Pro Ala Asp His Leu Leu Leu Gln Leu Tyr Ser
65 70 75 80

Gly Arg Leu Gln Val Arg Leu Val Leu Gly Gln Glu Glu Leu Arg Leu
85 90 95

Gln Thr Pro Ala Glu Thr Leu Leu Ser Asp Ser Ile Pro His Thr Val
100 105 110

Val Leu Thr Val Val Glu Gly Trp Ala Thr Leu Ser Val Asp Gly Phe
115 120 125

Leu Asn Ala Ser Ser Ala Val Pro Gly Ala Pro Leu Glu Val Pro Tyr
130 135 140

Gly Leu Phe Val Gly Gly Thr Gly Thr Leu Gly Leu Pro Tyr Leu Arg
145 150 155 160

Gly Thr Ser Arg Pro Leu Arg Gly Cys Leu His Ala Ala Thr Leu Asn
165 170 175

Gly Arg Ser Leu Leu Arg Pro Leu Thr Pro Asp Val His Glu Gly Cys
180 185 190
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Ala

Pro

Thr

225

Phe

Glu

Leu

Val

Thr

305

Ser

Glu

Gly

Glu

Glu

385

Leu

Pro

Thr

Trp

Lys

465

Leu

Leu

Asp

Pro

Gln

545

Ser

Val

Gln

Pro

Glu

His

210

Leu

Gln

Gly

His

His

290

His

Leu

His

Cys

Ala

370

Glu

Ala

Glu

Ile

Arg

450

Ser

Glu

Asp

Thr

Met

530

Val

Leu

Phe

Val

Gly
610

Glu

195

Ser

Glu

Ala

His

Asn

275

Ile

Thr

Leu

Arg

Met

355

Leu

Tyr

Pro

Pro

Ser

435

His

Gln

Leu

Val

Ser

515

Pro

Asn

Met

Gln

Leu

595

Glu

Phe

Leu

Phe

Gly

Leu

260

Ser

Asn

Ser

Leu

Leu

340

Glu

Leu

Glu

Glu

Gly

420

Pro

Val

Val

Asp

Val

500

Asp

Ser

Pro

Val

Ala

580

Gly

Pro

Ser

Ala

Thr

Gly

245

Arg

Val

Ala

Asn

Gly

325

Gly

Asp

Thr

Asp

Ala

405

Leu

Leu

Gln

Leu

Ile

485

Asn

Gln

Cys

Val

Ile

565

Tyr

Thr

Ala

Ala

Ala

Leu

230

Arg

Ala

Pro

His

Arg

310

Gly

Leu

Leu

Arg

Asp

390

Trp

Pro

Val

Pro

Phe

470

Pro

Arg

Leu

Leu

Asn

550

Leu

Asp

Ser

Thr

Ser

Phe

215

Thr

Arg

Val

Val

Arg

295

Gly

Leu

Thr

Ser

Asn

375

Ala

Pro

Pro

Val

Thr

455

Ser

Gly

Lys

Val

Arg

535

Asp

Glu

Pro

Ser

Glu
615

Asp

200

Pro

Thr

Gly

Val

Ala

280

Leu

Val

Asp

Pro

Val

360

Met

Tyr

Ala

Val

Ala

440

Leu

Val

Ala

Ala

Leu

520

Arg

Pro

His

Asp

Gly

600

Phe

Asp

Ala

Gln

Asp

Glu

265

Asp

Glu

Leu

Ala

Glu

345

Asn

Ala

Gly

Met

Phe

425

Glu

Asp

Thr

Gln

Arg

505

Glu

Gly

Pro

Thr

Ser

585

Leu

Ser

Val

Trp

Ser

Phe

250

Lys

Gly

Ile

Ser

Glu

330

Ala

Gly

Ala

His

Glu

410

Ala

Gly

Leu

Arg

Ala

490

Phe

Val

Gln

His

Gln

570

Ala

Pro

Cys

Ala

Gly

Arg

235

Ile

Gly

Gln

Ser

Tyr

315

Ala

Thr

Gln

Gly

Tyr

395

Leu

Asn

Gly

Met

Gly

475

Arg

Ile

Ser

Thr

Ile

555

Lys

Cys

Val

Arg

Leu

Thr

220

Gln

Tyr

Gln

Pro

Val

300

Leu

Ser

Asn

Arg

Cys

380

Glu

Pro

Phe

Thr

Glu

460

Ala

Lys

His

Val

Tyr

540

Ile

Pro

Glu

Glu

Glu
620

Gly

205

Gln

Ala

Val

Gly

His

285

Asp

Glu

Arg

Ala

Arg

365

Arg

Ala

Glu

Thr

Ala

445

Ala

Arg

Met

Asp

Thr

525

Leu

Phe

Leu

Gly

Arg

605

Leu

Phe

Asp

Pro

Asp

Thr

270

Glu

Gln

Pro

His

Ser

350

Gly

Leu

Phe

Pro

Gln

430

Trp

Glu

His

Phe

Gly

510

Ala

Leu

Pro

Gly

Leu

590

Arg

Glu

Ser

Glu

Leu

Ile

255

Val

Val

Tyr

Arg

Leu

335

Leu

Leu

Glu

Ser

Cys

415

Leu

Leu

Leu

Gly

Thr

495

Ser

Arg

Pro

His

Pro

575

Thr

Asp

Ala

Gly

Gly

Ala

240

Phe

Leu

Ser

Pro

Gly

320

Gln

Leu

Arg

Glu

Thr

400

Val

Leu

Glu

Arg

Glu

480

Leu

Glu

Val

Ile

Gly

560

Glu

Phe

Gln

Gly
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-continued

Ser Leu Val Tyr Val His Arg Gly Gly Pro Ala Gln Asp Leu Thr Phe
625 630 635 640

Arg Val Ser Asp Gly Leu Gln Ala Ser Pro Pro Ala Thr Leu Lys Val
645 650 655

Val Ala Ile Arg Pro Ala Ile Gln Ile His Arg Ser Thr Gly Leu Arg
660 665 670

Leu Ala Gln Gly Ser Ala Met Pro Ile Leu Pro Ala Asn Leu Ser Val
675 680 685

Glu Thr Asn Ala Val Gly Gln Asp Val Ser Val Leu Phe Arg Val Thr
690 695 700

Gly Ala Leu Gln Phe Gly Glu Leu Gln Lys Gln Gly Ala Gly Gly Val
705 710 715 720

Glu Gly Ala Glu Trp Trp Ala Thr Gln Ala Phe His Gln Arg Asp Val
725 730 735

Glu Gln Gly Arg Val Arg Tyr Leu Ser Thr Asp Pro Gln His His Ala
740 745 750

Tyr Asp Thr Val Glu Asn Leu Ala Leu Glu Val Gln Val Gly Gln Glu
755 760 765

Ile Leu Ser Asn Leu Ser Phe Pro Val Thr Ile Gln Arg Ala Thr Val
770 775 780

Trp Met Leu Arg Leu Glu Pro Leu His Thr Gln Asn Thr Gln Gln Glu
785 790 795 800

Thr Leu Thr Thr Ala His Leu Glu Ala Thr Leu Glu Glu Ala Gly Pro
805 810 815

Ser Pro Pro Thr Phe His Tyr Glu Val Val Gln Ala Pro Arg Lys Gly
820 825 830

Asn Leu Gln Leu Gln Gly Thr Arg Leu Ser Asp Gly Gln Gly Phe Thr
835 840 845

Gln Asp Asp Ile Gln Ala Gly Arg Val Thr Tyr Gly Ala Thr Ala Arg
850 855 860

Ala Ser Glu Ala Val Glu Asp Thr Phe Arg Phe Arg Val Thr Ala Pro
865 870 875 880

Pro Tyr Phe Ser Pro Leu Tyr Thr Phe Pro Ile His Ile Gly Gly Asp
885 890 895

Pro Asp Ala Pro Val Leu Thr Asn Val Leu Leu Val Val Pro Glu Gly
900 905 910

Gly Glu Gly Val Leu Ser Ala Asp His Leu Phe Val Lys Ser Leu Asn
915 920 925

Ser Ala Ser Tyr Leu Tyr Glu Val Met Glu Arg Pro Arg His Gly Arg
930 935 940

Leu Ala Trp Arg Gly Thr Gln Asp Lys Thr Thr Met Val Thr Ser Phe
945 950 955 960

Thr Asn Glu Asp Leu Leu Arg Gly Arg Leu Val Tyr Gln His Asp Asp
965 970 975

Ser Glu Thr Thr Glu Asp Asp Ile Pro Phe Val Ala Thr Arg Gln Gly
980 985 990

Glu Ser Ser Gly Asp Met Ala Trp Glu Glu Val Arg Gly Val Phe Arg
995 1000 1005

Val Ala Ile Gln Pro Val Asn Asp His Ala Pro Val Gln Thr Ile
1010 1015 1020

Ser Arg Ile Phe His Val Ala Arg Gly Gly Arg Arg Leu Leu Thr
1025 1030 1035

Thr Asp Asp Val Ala Phe Ser Asp Ala Asp Ser Gly Phe Ala Asp
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Ala

Val

Glu

Asp

Ala

Val

Thr

Arg

Trp

Gln

Ser

Pro

Gly

Val

Ala

Lys

Ala

Ser

Arg

Gly

Leu

Glu

Gly

Glu

Ala

Leu

1040

Gln
1055

Ala
1070

Asp
1085

Arg
1100

Thr
1115

Ala
1130

Ile
1145

Ser
1160

Gly
1175

Gln
1190

Leu
1205

Val
1220

Pro
1235

Phe
1250

Ala
1265

Ser
1280

Leu
1295

Gln
1310

Pro
1325

Leu
1340

Pro
1355

Gly
1370

Pro
1385

Pro
1400

Arg
1415

Ile
1430

Leu

Val

Leu

Gly

Ala

Asn

Asp

Gly

Gln

Asp

Ser

His

Leu

Gln

Gln

Pro

Ala

Glu

Glu

Gly

Ala

Gly

Tyr

Pro

Thr

Arg

Val

Asp

Arg

Trp

Leu

Gly

Thr

Asp

Leu

Leu

Pro

Thr

Ala

Gly

Glu

Pro

Asp

Ala

Ala

Ala

Ala

Ser

Phe

Gln

Leu

Tyr

Leu

Glu

Lys

Ile

Leu

Ser

Ala

Glu

Val

Leu

Arg

Asp

Pro

Glu

Ala

Ser

Glu

Val

Trp

Pro

Ile

Leu

Pro

His

Ser

Val

Thr

Pro

Arg

Gln

Glu

Ser

Val

Val

Arg

Asp

Asp

Ala

Leu

Ala

Val

Ala

Pro

Asp

Ser

Leu

Pro

Thr

Thr

Gly

Ala

His

1045

Arg
1060

Thr
1075

Arg
1090

Leu
1105

Val
1120

Leu
1135

Leu
1150
His
1165

Ala
1180

Gly
1195

Thr
1210

Thr
1225

Lys
1240

Ala
1255

Pro
1270

Gly
1285

Pro
1300

Thr
1315

Asp
1330

Glu
1345

Leu
1360

Leu
1375

Leu
1390

Ala
1405

Phe
1420

Asp
1435

Lys

Arg

Val

Gln

Gln

Val

His

Tyr

Gly

Ala

Met

Leu

Leu

Glu

Pro

Tyr

Gly

Ala

Gly

Glu

Ala

Leu

Leu

Ser

Gly

Asp

Pro

Leu

Val

Ala

Val

Leu

His

Gln

Val

Ala

Gln

Val

Ile

Ala

Leu

Leu

Arg

Phe

Val

Ala

Pro

Gly

Gln

Trp

Ser

Leu

Ile

Phe

Ser

Ser

Pro

Asp

Val

Pro

Leu

Phe

Val

Arg

Arg

Asp

Val

Asp

Val

Ser

Leu

Gln

Pro

Leu

Lys

Arg

Glu

Leu

Tyr

Val

Asp

Glu

Gln

Thr

Thr

Ala

Tyr

Ser

Thr

His

Arg

Ile

Met

Pro

Leu

Leu

Val

Asn

Leu

Ser

Glu

Met

Thr

1050

Phe
1065

Arg
1080
His
1095

Gly
1110

Pro
1125

Gly
1140

Asn
1155

Ala
1170

Thr
1185

Ser
1200

Val
1215

Ile
1230

Lys
1245

Asp
1260

Val
1275

Val
1290

Val
1305

Tyr
1320

Asp
1335

Glu
1350

Phe
1365

Leu
1380

Leu
1395

Asp
1410

Val
1425

Leu
1440

Gly

Phe

Ser

Gln

Tyr

Gly

Leu

Gly

Ala

His

Glu

Ala

Lys

Gln

Phe

Ser

Gln

Leu

Val

Leu

Ser

Arg

Gln

Gly

Glu

Thr

Ser

Thr

Gly

His

Leu

Gln

Asp

Pro

Phe

Asn

Ala

Leu

Ile

Leu

Ser

Arg

Ser

His

Ala

Glu

Val

Val

Val

Pro

Glu

Asp

Ile

Gln

Ala

Gln

Arg

Gly

Ile

Arg

Ser

Gly

Gly

Glu

Tyr

Glu

Val

Gly

Phe

Ser

Ser

Val

Pro

Ser

Leu

Gln

Gln

Ser
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Phe

Pro

Pro

Thr

Ser

Gly

Phe

Arg

Glu

Gln

Pro

Ser

Arg

Thr

Gly

Glu

Arg

Ala

Trp

Asp

Glu

Gln

Phe

Gly

Leu

Glu

Gln

Val
1445

Val
1460

Ile
1475

Ala
1490

Gly
1505

Arg
1520

Thr
1535

Gly
1550
His
1565

Val
1580

Gly
1595

Ser
1610

Gly
1625

Gly
1640

Asn
1655

Ala
1670

Asp
1685

Cys
1700

Val
1715

Ala
1730
His
1745

Leu
1760

Leu
1775

Gly
1790

Gln
1805

Ala
1820

Pro
1835

Leu

Ala

Leu

Pro

Ser

Val

Gln

Thr

Thr

Leu

Ser

Ala

Pro

Glu

Ile

His

Val

Pro

Pro

Ser

Asp

Leu

Gln

Gly

Gly

Phe

Gln

Met

Phe

Thr

Ile

Glu

Val

Ala

Leu

Ser

Leu

Val

Gly

Gln

Ala

Leu

Asp

Ala

Gln

Glu

Asn

Val

Val

Ser

Gly

Pro

Ala

Ala

Ala

Thr

Thr

Pro

Asp

Leu

Gln

Asp

Pro

Ser

Gln

Thr

Leu

Leu

Tyr

Thr

Ala

Arg

Gly

Leu

Leu

Ser

Gln

Thr

Ala

Ile

Ser

Asn

Val

Asn

Ala

Leu

Arg

Leu

Gly

Gly

Leu

Pro

Asp

Gly

Val

Glu

Leu

Thr

Pro

Gln

Leu

Phe

Glu

Leu

Gln

Gly

Thr

Val

Ala
1450

Thr
1465

Thr
1480

Glu
1495

Val
1510

Gly
1525

Asp
1540

Gly
1555
His
1570

Lys
1585

Leu
1600

Pro
1615

Arg
1630

Asn
1645
His
1660

Glu
1675

Leu
1690

Ser
1705

Arg
1720

Ala
1735

Gln
1750

Glu
1765

Ala
1780

Gln
1795

Ala
1810

Val
1825

Pro
1840

Ser

Gly

Ala

Tyr

Ala

Gly

Phe

Phe

Gly

Ser

Gln

Leu

Phe

Glu

Leu

Ala

His

Ala

Ser

Pro

Ala

Asp

Ser

Arg

Leu

Glu

Leu

Leu

Leu

Thr

Pro

Gly

Arg

Phe

Ser

Ser

Leu

Phe

Thr

Met

Gln

Val

Leu

Arg

Val

Thr

Leu

Gly

Gly

Val

Asp

Arg

Met

Pro

Gln

Arg

Ile

Gly

Leu

Phe

Arg

Gln

Gln

Leu

His

Gln

Pro

Leu

Ala

Trp

Ile

Pro

Gln

His

Gln

Phe

Ala

Val

Leu

Asp

Val

Met

Ser

Glu

Thr

Val

Arg

Val

Thr

Thr

Leu

Ala

Ala

Pro

Ser

Val

Lys

Thr

Ser

Phe

Ala

Leu

His

Gly

Asn

Thr

Arg Gln Ser His

1455

Asn
1470

Trp
1485

Thr
1500

Gln
1515

Glu
1530

Leu
1545

Leu
1560

Thr
1575

Leu
1590

Leu
1605

Tyr
1620

Gln
1635

Glu
1650

Glu
1665

Ser
1680

Ser
1695

Asn
1710

Val
1725

Pro
1740

Pro
1755

Gly
1770

Val
1785

Phe
1800

Pro
1815

Glu
1830

Arg
1845

Asp

Glu

Asp

Pro

Val

Phe

Ser

Ala

Thr

Arg

Arg

Gln

Val

Pro

Pro

Phe

Lys

Ala

Gln

Ser

Gln

Tyr

Arg

Gln

Arg

Gly

Gln

Gly

Gly

Ser

Arg

Ser

Asp

Gln

Val

Ala

Val

Asp

Tyr

Phe

Pro

Glu

Gly

Ala

Arg

Arg

Pro

Ala

Ala

Thr

Pro

Ser

Pro

Ala

Asp

Asn

Ser

His

Gly

Lys

Cys

Ser

Val

Ser

Ala

Trp

Ala

Ala

Leu

Leu

Ser

Gly

His

His

His

Ser

Pro

Arg
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Ala

Ala

Gly

Phe

Asn

Gly

Pro

Gln

Val

Gly

Ala

Phe

Leu

Arg

Ala

Ala

Pro

Pro

Glu

Ala

Gln

Pro

Pro

Pro

Val

Ser

Ile

Pro
1850

Pro
1865

Phe
1880

Thr
1895

Gly
1910

Ala
1925

Ser
1940

Ala
1955

Ser
1970

Pro
1985

Phe
2000

Thr
2015

Ala
2030

Ala
2045

Thr
2060

Asn
2075

Arg
2090

Gly
2105

Asp
2120

Pro
2135

Gly
2150

Tyr
2165

Glu
2180

Thr
2195

Ala
2210

Val
2225

Leu

Ile

Gly

Leu

Gln

Ser

Ser

Ala

Leu

Asp

Gln

Ser

Asn

Arg

Leu

Leu

Arg

His

Gly

Gly

Gly

Val

Asn

Ala

Gly

Lys

Ile

Pro

Ser

Glu

Ser

Ala

Ser

Pro

Ile

Gly

Arg

Tyr

Gln

Phe

Gly

Leu

Arg

Thr

Gly

Ser

Arg

Pro

Pro

Ala

Ala

Glu

Gly

Ile

Leu

Arg

Ile

Leu

Asp

Val

Pro

Glu

Arg

Glu

Gly

Phe

Ser

Val

His

Leu

Gly

Arg

Gln

Leu

Ala

Pro

Ala

Arg

Pro

Gly

Pro

Leu

Ala

Glu

Val

Val

Ala

Leu

Val

Ser

Glu

His

Gln

Ser

Asn

Val

Asp

Ser

Val

Leu

Gly

Gly

Ala

Arg

Thr

Gly

Phe

Met

Phe

Gln
1855

Tyr
1870

Gly
1885

Asp
1900

Gly
1915

Pro
1930

Gln
1945

Ser
1960

Pro
1975

Leu
1990

Ile
2005

Ser
2020

Ala
2035

Trp
2050

Pro
2065

Val
2080

Val
2095

Val
2110

Leu
2125

Asp
2140

Val
2155

Pro
2170

Glu
2185

Pro
2200

Leu
2215

Cys
2230

Tyr

Leu

Glu

Gly

Ser

Ile

Met

Leu

Leu

Glu

Leu

Asp

His

Ser

Ala

Thr

Pro

Arg

Glu

Glu

Ser

Ala

Tyr

Ala

Leu

Leu

Ser

Val

Gly

Gly

Phe

Ser

Arg

Ser

Ala

Val

Gln

Asp

Ala

Gly

Val

Arg

Val

Gln

Val

Leu

Ser

Ser

Gly

Ala

Phe

Val

Arg

Val

Gln

Leu

Arg

Gln

Leu

Ala

Gln

Ala

Gly

Gly

His

Val

Gly

Leu

Phe

Pro

Phe

Gly

Thr

Leu

Val

Lys

Ser

Leu

Leu

Lys

Val

Arg

Gly

Leu

Leu

Ala

Pro

Gln

Tyr

Gly

Glu

Phe

Val

Pro

Asp

Arg

Arg

Thr

Arg

Leu

Asp

Ala

Pro

Ser

Glu

Leu

Arg

Asp
1860

Ala
1875

Pro
1890

Ala
1905

Ser
1920

Val
1935

Leu
1950

Gln
1965

Arg
1980

Arg
1995

Val
2010

Arg
2025

Asn
2040

Trp
2055

Ala
2070

Leu
2085

Ala
2100

Gln
2115

Pro
2130

Glu
2145

Phe
2160

Leu
2175

Glu
2190

Pro
2205

Ala
2220

Leu
2235

Asn

Pro

Pro

Val

Phe

Met

Asp

Glu

Leu

Leu

Pro

Val

Val

Val

Pro

Gly

Leu

Arg

Gln

Glu

Leu

Ala

Leu

Ser

Glu

Asn

Leu

Lys

Asp

His

Thr

Val

Ser

Ile

Val

Arg

Ile

Thr

Phe

Leu

Thr

Gln

Glu

Glu

Thr

Asp

Gly

Trp

Thr

Ser

Ser

Pro

Met

Ala

Thr

Ser

Asn

Arg

Ala

Asp

Leu

Pro

Val

Gln

Ser

Ala

Ala

Val

Gly

Leu

Gly

Glu

Leu

Arg

Ala

Glu

Val

Thr

Ala

Phe

Leu

Gly
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2240

Lys His Asp Val Gln

2255

Ala Gly Asp Thr Glu

2270

Ile Pro Leu Thr Ala

2285

Gln Pro Asp Pro Glu

2300

Ala Leu Lys Asn Gly

2315

<210> SEQ ID NO 16
<211> LENGTH: 7011

<212> TYPE:

DNA

<213> ORGANISM: Homo

<400> SEQUENCE: 16

atgcagtcceg

actatgttgg

cctgtggeca

gaagccctee

ggacgectge

gagacgctge

gccacgttgt

gaggtccect

ggaaccagcce

cteceggecte

gatgtggcce

caggacgaag

ttccaggeag

cgggecgtgg

gatgggcagc

gaccagtace

agtctectte

ggcctgacac

aatggccaga

aggctggagg

ctggeceetyg

ctgectectyg

daggggggca

getgagetge

ctegagetygyg

aaccgcaagg

gaggtgtegg

ctecetgecca

geegeggece

ccagacttge

cggetetgac

ttctectgge

aggtcagact

tgagtgactc

cagtcgatgg

atgggetett

gacccctgag

tgaccceega

tgggcttete

gaaccctaga

dgggecggcey

tggagaaggg

cccatgaggt

ctacgcatac

teggggggcet

cagaggccac

ggeggggget

aggaggagta

aggcttggec

tctttgecaa

cagectgget

gcaaatccca

acatccegygyg

ccegetteat

tgacggcteg

tccaggtcaa

2245

Val Leu Thr
2260

Thr Phe Arg
2275

Val Pro Gly
2290

Leu Leu Gln
2305

Gln Tyr Trp
2320

sapiens

cccactteca
atcecgegget
cgacatagac
agcaggccca
tgttctggge
catcceecac
gtttctgaac
tgttggggge
gggttgecte
tgtgcatgag
tgggccccac
gtttacactce
tggggacttc
ccagggtacce
cagtgtccac
ttcgaaccga
ggatgcagag
caatgectee
gegggaaget
tgaggacgat
agccatggag
tttcacccag
tgagtggagg
ggtgctgtte
agcccaggea
ccacgatgge
ggtgcccatyg

ccctgteaat

2250

Ala Lys Pro Arg Asn

2265

Lys Val Glu Pro Gly

2280

Gln Gly Pro Pro Pro

2295

Phe Cys Arg Thr Pro

Val

gececeggece

teettetteg

ctgcagetge

getgaccace

caggaggagc

actgtggtge

gectectceag

actgggaccc

catgcagceca

ggctgtgctg

tctetggetyg

accacacaga

atctatgtgg

gtattgctee

atcaatgcte

ggagtcctca

gectetegte

ctgetggget

ttgctgacge

gectatggac

ctgectgage

ctgctgacta

catgtgcage

agcgtgacce

cgaaaaatgt

tctgaggaca

ceccteatgee

gacccacccce

2310

tggccttgge

gtgagaacca

agttctccac

tcctgetgea

tgaggctgea

tgactgtegt

cagtcccagyg

ttggcctgee

ccctcaatgy

aagagttttce

cctteectyge

gccggcaggce

acatatttga

acaacagtgt

accggcetgga

gctacctgga

acctccagga

gcatggaaga

gcaacatgge

attatgaagce

catgcgtgee

tcagcccact

ccacgcetgga

daggggeacg

tcaccctect

cctecgacca

ttcggagggy

acatcatctt

Gly Leu

Gln Ala

Gly Gly

Asn Pro

tttgacccty
cctggaggtyg
gtcecagece
gcetetactet
gactccagca
agagggctgg
agccccecta
ctacctgagyg
cecgeagecte
tgccagtgat
ctggggcact
accettggee
gggccacctyg
gectgtggece
aatctcegty
gecacgggge
acaccgectyg
cctecagtgte
agcecggetge
tttectecace
tgagccaggg
ggtggtggee
cctgatggag
ccatggcgag
ggacgtggtg
getggtgetg
ccaaacatac

cccacatgge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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agcctcatgg tgatcctgga acacacgcag aagccgcetgg ggcctgaggt ttteccaggcece 1740
tatgacccgg actctgcetg tgagggccte accttceccagg tecttggcac ctectetgge 1800
cteceegtgg agegecgaga ccagectggg gagecggega ccegagttete ctgecgggag 1860
ttggaggccg gcagcectagt ctatgtccac cgecggtggte ctgcacagga cttgacgtte 1920
cgggtcageg atggactgca ggccageccee ceggecacge tgaaggtggt ggccatccegg 1980
ceggecatac agatccaccg cagcacaggg ttgcgactgg cccaaggcete tgccatgece 2040
atcttgececg ccaacctgte ggtggagacce aatgccgtgg ggcaggatgt gagcecgtgetg 2100
tteccgegtca ctggggceect gcagtttggg gagetgcaga agcagggggce aggtggggtg 2160
gagggtgctyg agtggtggge cacacaggceg ttccaccage gggatgtgga gcagggcecege 2220
gtgaggtacc tgagcactga cccacagcac cacgcttacg acaccgtgga gaacctggec 2280
ctggaggtgc aggtgggcca ggagatcctg agcaatctgt ccttecccagt gaccatccag 2340
agagccactg tgtggatgct gecggctggag ccactgcaca ctcagaacac ccagcaggag 2400
accctcacca cagcccacct ggaggccacce ctggaggagyg caggcccaag ccccccaace 2460
ttccattatg aggtggttca ggctcccagg aaaggcaacc ttcaactaca gggcacaagg 2520
ctgtcagatg gccagggctt cacccaggat gacatacagg ctggccgggt gacctatggg 2580
gccacagcac gtgcctcaga ggcagtcgag gacaccttec gtttcecegtgt cacagctceca 2640
ccatatttct ccccactcta tacctteccce atccacattg gtggtgacce agatgcgect 2700
gtcectcacca atgtectect cgtggtgect gagggtggtyg agggtgtcect ctetgctgac 2760
cacctctttg tcaagagtct caacagtgcce agctacctcet atgaggtcat ggagcggecce 2820
cgccatggga ggttggcttyg gegtgggaca caggacaaga ccactatggt gacatcctte 2880
accaatgaag acctgttgcg tggccggctg gtctaccage atgatgactce cgagaccaca 2940
gaagatgata tcccatttgt tgctacccgce cagggcgaga gcagtggtga catggcctgg 3000
gaggaggtac ggggtgtctt ccgagtggcce atccagcceg tgaatgacca cgcccctgtyg 3060
cagaccatca gccggatctt ccatgtggce cggggtgggce ggcggctget gactacagac 3120
gacgtggect tcagcgatge tgactcgggce tttgctgacg cccagcetggt gcttacccege 3180
aaggacctcce tectttggcag tatcgtggce gtagatgagce ccacgcggcece catctaccgce 3240
ttcacccagg aggacctcag gaagaggcga gtactgtteg tgcactcagg ggctgaccgt 3300
ggctggatee agetgcaggt gtccgacggg caacaccagg ccactgeget getggaggtyg 3360
caggcctegg aaccctacct cegtgtggcee aacggctceca gecttgtggt cectcaaggg 3420
ggccagggca ccatcgacac ggccgtgete cacctggaca ccaacctcecga catccgcagt 3480
ggggatgagg tccactacca cgtcacagct ggccctcecget ggggacagcet agtccggget 3540
ggtcagccag ccacagcectt cteccagcag gacctgctgg atggggccgt tctcectatage 3600
cacaatggca gcctcagece ccgcgacacce atggecttet cegtggaage agggecagtg 3660
cacacggatg ccaccctaca agtgaccatt gecctagagg gceccactgge cccactgaag 3720
ctggtecegge acaagaagat ctacgtctte cagggagagyg cagctgagat cagaagggac 3780
cagctggagg cagcccagga ggcagtgeca cctgcagaca tegtattcete agtgaagage 3840
ccaccgagtg ccggctacct ggtgatggtg tcgegtggeg ccecttggcaga tgagccaccce 3900
agcctggacce ctgtgcagag cttctceccag gaggcagtgg acacaggcag ggtcectgtac 3960
ctgcactcce gecctgagge ctggagecgat gcecttcectege tggatgtgge ctcaggectg 4020
ggtgctceee tcegagggcegt ccttgtggag ctggaggtge tgcccgectgce catcccacta 4080
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gaggcgcaaa acttcagcgt ccctgagggt ggcagcctca ccctggcccce tccactgetce 4140
cgtgtcteeg ggcectactt cecccactcecte ctgggcectca gectgcaggt getggageca 4200
ccccageatyg gagecctgca gaaggaggac ggacctcaag ccaggaccct cagegectte 4260
tcetggagaa tggtggaaga gcagctgatce cgctacgtge atgacgggag cgagacactg 4320
acagacagtt ttgtcctgat ggctaatgcce tccgagatgg atcgccagag ccatcctgtg 4380
gccttcactyg tcactgtcecct gcecctgtcaat gaccaacccce ccatcctcac tacaaacaca 4440
ggectgcaga tgtgggaggg ggccactgeg cccatcectyg cggaggetet gaggagcacyg 4500
gacggcgact ctgggtctga ggatctggtce tacaccatcg agcagcccag caacgggcegyg 4560
gtagtgctge ggggggcgee gggcactgag gtgcgcaget tcacgcaggce ccagetggac 4620
ggcgggcteg tgctgttcte acacagagga accctggatg gaggcttceccg cttecgecte 4680
tctgacggeg agcacacttce ccccggacac ttcectteccgag tgacggccca gaagcaagtg 4740
ctecctetege tgaagggcag ccagacactg actgtctgece cagggtccecgt ccagccactce 4800
agcagtcaga ccctcagggce cagctccage geaggcactyg acccccaget cctgetctac 4860
cgtgtggtge ggggecccca getaggecgg ctgttcecacyg cccagcagga cagcacaggg 4920
gaggccctgg tgaacttcac tcaggcagag gtctacgctg ggaatattct gtatgagcat 4980
gagatgccee ccgagccectt ttgggaggcece catgataccce tagagctceca gctgtcecteg 5040
ccgectgece gggacgtgge cgccaccctt gcectgtggetg tgtcttttga ggctgectgt 5100
ccecagegee ccagecacct ctggaagaac aaaggtctet gggtcccega gggecagcegg 5160
gccaggatca ccgtggcectge tctggatgece tceccaatctet tggccagegt tccatcaccce 5220
cagcgctcag agcatgatgt gectcttecag gtcacacagt tccccagceg gggccagcetg 5280
ttggtgtceg aggagccect ccatgcetggg cagccccact tectgcagte ccagetgget 5340
gcagggcagce tagtgtatgce ccacggeggt gggggcaccece agcaggatgg cttcecacttt 5400
cgtgeccace tccaggggcece agcaggggece teegtggetyg gaccccaaac ctcagaggcece 5460
tttgccatca cggtgaggga tgtaaatgag cggcccectce agccacaggce ctcectgtcecca 5520
ctececggcetca ceccgaggete tegtgcccce atctecceggg cccagectgag tgtggtggac 5580
ccagactcag ctcctgggga gattgagtac gaggtccage gggcacccca caacggette 5640
ctcagectgg tgggtggtgg cctggggcce gtgacceget tcacgcaagce cgatgtggat 5700
tcagggcggce tggccttegt ggccaacggg agcagcgtgg caggcatctt ccagctgagce 5760
atgtctgatg gggccagccc acccctgcece atgtceccecetgg ctgtggacat cctaccatce 5820
gccatcgagg tgcagctgcg ggcaccectg gaggtgccece aagcetttggg gcgcectcectcea 5880
ctgagecage agcagetcceg ggtggtttca gatcgggagyg agccagaggce agcataccge 5940
ctcatccagg gaccccagta tgggcatcte ctggtgggceg ggcggcccac cteggcectte 6000
agccaattcce agatagacca gggcgaggtg gtctttgect tcaccaactt ctectectet 6060
catgaccact tcagagtcct ggcactggct aggggtgtca atgcatcagce cgtagtgaac 6120
gtcactgtga gggctctgct gcatgtgtgg gcaggtgggce catggcccca gggtgccacce 6180
ctgegectgg accccaccgt cctagatget ggegagetgg ccaaccgcac aggcagtgtg 6240
cegegettee gectectgga gggacceegg catggecgeyg tggtecegegt gecccgagece 6300
aggacggagce ccgggggcag ccagcetggtg gagcagttcea ctcagcagga ccttgaggac 6360
gggaggctgg ggctggaggt gggcaggcca gaggggaggg cccccggecec cgcaggtgac 6420
agtctcactc tggagctgtyg ggcacagggc gtcccgectg ctgtggecte cctggacttt 6480
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gecactgage cttacaatge tgcccggecce tacagegtgg cectgetcag tgtecccgag
gecgeccgga cggaagcagg gaagccagag agcagcaccce ccacaggcega gecaggeced
atggcatcca gecectgagece cgetgtggee aagggagget tectgagett ccttgaggece
aacatgttca gcgtcatcat ccccatgtge ctggtactte tgctcetgge getcatcctg
ccectgetet tectacctecg aaaacgcaac aagacgggea agcatgacgt ccaggtectg
actgccaage cccgcaacgg cctggetggt gacaccgaga cetttegecaa ggtggageca
ggccaggeca tcccegetcac agetgtgect ggecagggge cccctecagg aggecagect

gacccagage tgctgcagtt ctgecggaca cccaaccctg cccttaagaa tggecagtac

tgggtgtgag gectggectyg ggeccagatg ctgateggge cagggacagg ¢

<210> SEQ ID NO 17

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 17

ggccegggee ccectectttyg at

<210> SEQ ID NO 18

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 18

ggtctagatc ataatttact tcatcc
<210> SEQ ID NO 19

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 19

ggctcgageca tggagataca cc

<210> SEQ ID NO 20

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 20

ggggactagt ttatggtttc tgagaaca
<210> SEQ ID NO 21

<211> LENGTH: 585

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 21

ttcaatggce agaggcgggg getgcgggaa getttgetga cgegcaacat ggcagecgge

tgcaggctgyg aggaggagga gtatgaggac gatgectatg gacattatga agetttctece

accctggece ctgaggettg gecagecatg gagetgectg agecatgegt gectgageca

6540

6600

6660

6720

6780

6840

6900

6960

7011

22

26

22

28

60

120

180
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gggetgecte ctgtetttge caatttcace cagcetgetga ctatcagecce actggtggtyg 240
geegagggygy gcacagectyg gettgagtgg aggcatgtge ageccacget ggacctgatg 300
gaggctgage tgcgcaaatc ccaggtgetg ttcagegtga cecgaggggce acgecatgge 360
gagctcgage tggacatcce gggageccag gcacgaaaaa tgttcaccct cectggacgtg 420
gtgaaccgca aggcccgett catccacgat ggctctgagg acacctecga ccagetggtyg 480
ctggaggtgt cggtgacggce tcgggtgecce atgecctcat gectteggag gggccaaaca 540
tacctectge ccatccaggt caaccctgte aatgacccac cccac 585
<210> SEQ ID NO 22
<211> LENGTH: 1290
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 22
gteecgegtea ctggggccct gcagtttggg gagctgcaga aacacggggce aggtggggtyg 60
gagggtgctyg agtggtggge cacacaggceg ttccaccage gggatgtgga gcagggcecege 120
gtgaggtacc tgagcactga cccacagcac cacgcttacg acaccgtgga gaacctggec 180
ctggaggtge aggtgggcca ggagatcctg agcaatctgt cctteccagt gaccatccag 240
agagccactg tgtggatgct gecggctggag ccactgcaca ctcagaacac ccagcaggag 300
accctcacca cagcccacct ggaggccacce ctggaggagyg caggcccaag ccccccaace 360
ttccattatg aggtggttca ggctcccagg aaaggcaacce ttcaactaca gggcacaagg 420
ctgtcagatg gccagggett cacccaggat gacatacagg ctggccgggt gacctatggg 480
gccacagcac gtgectcaga ggcagtcgag gacaccttee gttteegtgt cacagctceca 540
ccatatttet ccccactcecta taccttecce atccacattg gtggtgacce agatgegect 600
gtectcacca atgtectect cgtggtgect gagggtggtyg agggtgtect ctetgctgac 660
cacctetttyg tcaagagtct caacagtgcec agetacctet atgaggtcat ggageggcce 720
cgccatggga ggttggettyg gegtgggaca caggacaaga ccactatggt gacatcctte 780
accaatgaag acctgttgcg tggccggetg gtctaccage atgatgactce cgagaccaca 840
gaagatgata tcccatttgt tgctacccge cagggcgaga gcagtggtga catggcctgg 900
gaggaggtac ggggtgtctt ccgagtggcce atccageccg tgaatgacca cgeccctgty 960
cagaccatca gccggatctt ccatgtggce cggggtgggce ggcggctget gactacagac 1020
gacgtggect tcagcgatge tgactcgggce tttgctgacg cccagcetggt gcttacccege 1080
aaggacctcce tectttggcag tatcgtggce gtagatgagce ccacgcggcece catctaccgce 1140
ttcacccagg aggacctcag gaagaggcga gtactgtteg tgcactcagg ggctgaccgt 1200
ggctggatee agetgcaggt gtccgacggg caacaccagg ccactgeget getggaggtyg 1260
caggcctegg aaccctacct ccegtgtggcece 1290
<210> SEQ ID NO 23
<211> LENGTH: 294
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 23
gecactgage cttacaatge tgccecggece tacagegtgg cectgcetcag tgtcecccgag 60
geegeccgga cggaagcagg gaagcecagag agcagcaccce ccacaggcga gccaggccecce 120
atggcatcca gccctgagece cgetgtggee aagggagget tectgagett ccttgaggece 180
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aacatgttca gcgtcatcat ccccatgtge ctggtactte tgctcetgge getcatcctg 240

ccectgetet tectacctecg aaaacgcaac aagacgggea agcatgacgt ccag 294

<210> SEQ ID NO 24

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 24

tcetecgaggt caatggccag aggcggggyg 29

<210> SEQ ID NO 25

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 25

ccegggttac tacttategt cgtcatcett gtaategtgg ggtgggtcat tgac 54

<210> SEQ ID NO 26

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 26

gcctegagtt cecgegtcact ggggcccetyg 29

<210> SEQ ID NO 27

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 27

actagtttac tacttatecgt cgtcatcett gtaatcggec acacggaggt aggg 54

<210> SEQ ID NO 28

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 28

tgctcgaggce cactgagecct tacaatgcetg cc 32
<210> SEQ ID NO 29

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 29

ccegggttac tacttatcegt cgtcatectt gtaatcctgg acgtcatget tgcce 55

<210> SEQ ID NO 30
<211> LENGTH: 22
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<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 30

ggccegggee ccectectttyg at

<210> SEQ ID NO 31

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 31

ggtctagatc ataatttact tcatcc

<210> SEQ ID NO 32

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 32

ggtctagaga attccagcaa aagcag

<210> SEQ ID NO 33

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 33

gggtcgacaa gggtattttt ctttaat

<210> SEQ ID NO 34

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 34

ggggtctaga cctcctttga ttagtatatt ¢

<210> SEQ ID NO 35

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 35

22

26

26

27

31

atcttegeta tectgtegeeg cggegegtge ttecagtttgt tgege 45

<210> SEQ ID NO 36

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 36

gegcaacaaa ctgaagcage ggccegeggeyg acagatageg aagat 45
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<210> SEQ ID NO 37

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 37

tgtaggtgta tctccatget cgagagetag gegatcaatt te 42

<210> SEQ ID NO 38

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 38

ggaattgatc gcctagetet cgagcatgga gatacaccta ca 42

<210> SEQ ID NO 39

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 39

aaacggattt atttagatcc cgggttatgg tttctgagaa ca 42

<210> SEQ ID NO 40

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 40

tgttctcaga aaccataacc cgggatctaa ataaatcegt tt 42

<210> SEQ ID NO 41

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 41

gggggtcgac cagctcttet tggtgaag

<210> SEQ ID NO 42

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: phycoerythrin

<400> SEQUENCE: 42

Arg Ala His Tyr Asn Ile Val Thr Phe
1 5

<210> SEQ ID NO 43

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

28

(PE) -conjugated E7 peptide
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<400> SEQUENCE: 43
Ile Leu Ser Asn Leu Ser Phe Pro Val
1 5

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM:

44

Homo sapiens

<400> SEQUENCE: 44
Leu Leu Phe Gly Ser Ile Val Ala Val
1 5

<210>
<211>
<212>
<213>

SEQ ID NO
LENGTH: 9
TYPE: PRT
ORGANISM:

45

Homo sapiens

<400> SEQUENCE: 45

Leu Ile Leu Pro Leu Leu Phe Tyr Leu
1 5

What is claimed is:

1. A recombinant Listeria strain comprising a recombinant
nucleotide sequence encoding a recombinant polypeptide,
said recombinant polypeptide comprising a fragment of a
High Molecular Weight Melanoma-Associated Antigen
(HMW-MAA) protein fused to a listeriolysin (LLO) oli-
gopeptide, an ActA oligopeptide, or a PEST oligopeptide,
wherein said nucleotide sequence encoding said fragment is
selected from the group consisting of SEQ ID NOs: 21, 22 or
23.

2. The recombinant Listeria strain of claim 1, wherein said
HMW-MAA protein is a human HMW-MAA protein.

3. An immunogenic composition comprising the recombi-
nant Listeria strain of claim 1, or claims 5-7.

4. The immunogenic composition of claim 3, further com-
prising an adjuvant, cytokine, chemokine, or combination
thereof.

5. A recombinant Listeria strain comprising a recombinant
nucleotide sequence encoding a recombinant polypeptide,
said recombinant polypeptide comprising a fragment of a
High Molecular Weight Melanoma-Associated Antigen
(HMW-MAA) protein fused to a listeriolysin (LLO) oli-

25

30

35

40

45

gopeptide, an ActA oligopeptide, or a PEST oligopeptide,
wherein said nucleotide sequence encodes SEQ ID NO: 21.
6. A recombinant Listeria strain comprising a recombinant
nucleotide sequence encoding a recombinant polypeptide,
said recombinant polypeptide comprising a fragment of a
High Molecular Weight Melanoma-Associated Antigen
(HMW-MAA) protein fused to a listeriolysin (LLO) oli-
gopeptide, an ActA oligopeptide, or a PEST oligopeptide,
wherein said nucleotide sequence encodes SEQ ID NO: 22.
7. A recombinant Listeria strain comprising a recombinant
nucleotide sequence encoding a recombinant polypeptide,
said recombinant polypeptide comprising a fragment of a
High Molecular Weight Melanoma-Associated Antigen
(HMW-MAA) protein fused to a listeriolysin (LLO) oli-
gopeptide, an ActA oligopeptide, or a PEST oligopeptide,
wherein said nucleotide sequence encodes SEQ ID NO: 23.
8. The recombinant Listeria strain of claim 1, wherein said
recombinant Listeria strain is a recombinant Listeria mono-
cytogenes strain.
9. The recombinant Listeria strain of claim 1, wherein said
recombinant Listeria strain has been passaged through an
animal host.



